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Bull. Torrey Bot. Club . BuUetin of the Torrey Botanical Club. 

Canadian Chem. Met. . Canadian Chemistry and MetaUurgy. 

Canadian J. Res. . . Canadian Journal of Research. 

Canadian Med. Assoc. J. . The Canadian Medical Association Journal. 

Casopis bzechoslov. Lik, . Casopis Ceskoslovensk^ho L4kimictva. 

Cellulosechem, . . . CeUulosechemie. 

Cenir. Min, . . Centralblatt ffir Mineralogie, Geologie, und Palkon- 

tologie. 

Chem. and Ind. . . Chemistry and Industry. 

Chem. Erde . . . Chemie der Erde. 

Chem. Fahr, . . . Die Chemische Fabrik. 

Chem. Lisiy . . , Chemick^ Listy pro V§du a Prdmysl. Organ de la 

** Ceskd ohemickA Spolodnost pro V6du a 
Pr&mysl.** 

Chem, Obzor . Chexnickj^ Obzor. 

Chem. Reviews . . Chemical Reviews. 

Chem, Weekblad . Chemisch Weekblad. 

Chem, Zentr. Chemisches Zentralblatt. 

Chem.-Zig, , Chemiker-Zeitung. 

Chim. el Ind, . . Chimie et Industrie. 

• The year is not fnwrted in referenoM to 19110. 






TABLE OE ABBEBVIATIONS EMPLOYED IN THE BEEEBENOES. ix 


Abbreviated Tide, 


Full Title. 


Chimica e Vlnd, 

Coll, Czech, Chem, Comm. , 

Comm, Zurich Ccmgr, Inter- 
nat. Assoc. Test, Mat, 

Compi. rend. 

Compt, rend. Acad. Agric. 
France 

Compi. rend. Acad. Sci. 
U.R.8.8. 

Compt. rend. 8oc. Biol. 

Contr. Boyce Thompson Inst. 
Cornell Univ. Agric. Expt. 

8la. Mem. 

Current 8ci. 

Deutsche med. Woch. 

Ergeb. exaki. Naturwiss. 
Kmdhr. Fflanze 
Finska Kem. Medd. . 

Florida Agric. Exp. Sta. Bull, 
Fortschr. Chem. Physih 

Fortschr. liontgenslrahien . 

Oazzeiia .... 
Giorn. Chim. ind. appl. 

Hauszeit. V.A.W. n.d. Erft- 
werk A.O. Aluminium 
Ilelv. Chim. Acta 
Helv. Physica Acta . 

Ind. chim. 

Ind. Eng, Chem. 

Ind. Eng, Chem. [Arml.) 

hul. Med, Qaz. 

] ndian J. Physics 
Inst. int. Chim. Solvay Con- 
seil Chim. 

J. .... 

J. Agric. Chem, 8oc„ Japan 

J. Agric. Res. , 

J, Amer. Ceramic Soc. 

J, Amer, Chem. Soc. . 

J, Amer, Pharm, Assoc, 

J, Amer. Soc, Agron. 

J. Amer, Water Works 
Assoc. 

J, Appl, Chem, Russia 

J. Biochem. Japan . 

J, Biol, Chem, , 

J, Chem, Edwc, 

J, Chm, Physics 
J, Chim, physique 
J, OMnese Chem, Soc, 

J, Exper. Med, 


La Chimica e Tlndustria. 

Collection of Czechoslovak Chemical Communic¬ 
ations. 

Communications of the New International Asso¬ 
ciation for Testing Materials (First Meeting, 
Zurich, 1930). 

Comptes rendus hebdomadaires des Stances de 
I’Acad^mie des Sciences. 

Comptes rendns hebdomadaires des Stances do 
rAcad<^mie d'Agriculture de France. 

Comptes rendus de I’Acad^mie des Sciences do 
rUnion des R^publiquea Sovi^tiques Socialistes. 

Comptes rendus hebdomadaires de Stances de la 
Soci4t6 de Biology. 

Contributions from the Boyce Thompson Institute. 

Cornell University Agricultural Experiment Station 
Memoirs. 

Current Science. 

Deutsche modizinische Wochenschrift. 

Ergebnisse der exakten Naturwissenschaften. 

Die Ernahrung der Pflanze. 

Finska Komistsamfundets Meddelanden (Suomen 
Kemistiseuran Tiedonaritoja). 

Florida Agricultural Experiment Station Bulletin. 

Fortschritte der Chemie, Physik und physikalischen 
Cheraie. 

Fortschritte auf dem Gebiete der Rontgenstrahlen 
Uber Metallkunde und Rontgcnmetallographie. 

Oazzotta chimica italiana. 

Giornale di Chimica induetriale ed applicata (now 
absorbed into La Chimica e I’lndustria). 

Hauszeitschrift der V.A.W. und der Erftwerk A.G. 
fiir Aluminium. 

Helvetica Chimica Acta. 

Helvetica Physica Acta. 

L’Industria chimica, mineraria e metallurgica. 

Industrial and Engineering Chemistry. 

Industrial and Engineering Chemistry : Analytical 
Edition. 

The Indian Medical Gazette. 

Indian Journal of Physics. 

Institut international de Chimie Solvay, Conseil de 
Chimie. 

Journal of the Chemical Society. 

Journal of the Agricultural Chemical Society of 
Japan. 

Journal of Agricultural Research. 

Journal of the American Ceramic Society. 

Journal of the American Chemical Society. 

Journal of the American Pharmaceutical Association. 

Journal of the American Society of Agronomy. 

Journal of the American Water Works Association. 

Journal of Applied Chemistry, Russia (Zhumal 
prikladnoi Ohimii). 

Journal of Biochemistry, Japan. 

Journal of Biological Chemistry. 

Journal of Chemical Education. 

The Journal of Chemical Physics. 

Journal de Chimie physique. 

Journal of the Chinese Chemical Society. 

Journal of Experimental Medicine. 
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J. Indian Chem, Soc, 

J, Ind, Hygiene 
J, Inst, Metals . 

J, Iron Steel Inst, 

J, Marine Biol, Assa:. 

J, Opt. Soc. Amer. . 

J. Fharm. Chun. 

J. Pharm. Exp. Thtr. 

J. Pharm. Soc. Jajxin 

J, Physiol. 

J, Phys. Radium 
J, Physical Chem, 

J. pr. Chem. . 

J. Proc. Austral. Chem. 
Inst. 

J, Proc, Roy. Soc. N.S. W. . 
J. Res. Nat. Bur. Stand. . 


J. Russ. Phys. Chem. Soc. . 


J. Sci. Instr. . 

J. Soc. Chem. Ind. . 

J. Soc. Chem. Ind. Victoria 

J. Soc. Glass Tech. 

Jahrb. tuiss. Bot, 

Jernk. Ann. 

K. Norske Vidensk. Selsk. . 

Kautschuk. 

Kinz. no Kenk. 

Klin. Woch. . 
Kdloid-Beih. . 
KoUoidchem. Beth. 
Kclloid-Z. 

Lancet .... 
Latvij. Univ. Raksii . 

Legk. Meial. 

Magyar Chem. Fol. . 

Med. Parasit. and Parasitic 
Die. 

Mem. Coll. Sci. Kyotd 

Mercks Jahresher. 

Met. ItcU. 

MetaUurg. 

MetaUmrt. 

Mikrochem, 

Min. Mag, 


Full Titlf. 

Journal of General Chemistry ^U.S.S,R.) (formerly 
chemical part of the Journal of the Physical and 
Chemical Society of Russia). 

Quarterly Journal of the Indian Chemical Society. 

Journal of Industrial Hygiene. 

Journal of the Institute of Metals. 

Journal of the Iron and Steel Institute. 

Journal of the Marine Biological Association of the 
United Kingdom. 

Journal of the Optical Society of America. 

Journal de Pharmacia et de Chimie. 

Journal of Pharmacology and Experimental Thera¬ 
peutics. 

Journal of the Pharmaceutical Society of Japan 
(Yakugakuzasshi). 

Journal of Physiology. 

Journal de Physique et le Radium. 

The Journal of Physical Chemistry, 

Journal fiir praktische Chomie. 

Journal and Proceedings of the Australian Chemical 
Institute. 

Journal and Proceedings of the Royal Society of 
New South Wales. 

Journal of Research of the National Bureau of 
Standards (formerly Bureau of Standards 
Journal of Research). 

Journal of the Physical and Chemical Society of 
Russia (now Journal of General Chemistry^ 
Russia). 

Journal of Scientific Instruments. 

Journal of the Society of Chemical Industry. 

Journal (Proceedings) of the Society of Chemical 
Industry, Victoria. 

Journal of the Society of Glass Technology. 

Jahrbuch fiir wissenschaftliche Botanik. 

Jemkontorets Annaler. 

KongeHgo Norske Videnskabers Selskabs (Forhand- 
lingar). 

Kautschuk. Zeitschrift fiir wissenschaftliche und 
technisebe Kautscbuksforschung. 

Kimsoku no Kenkyu. 

Klinisch© Wochenschrift, 

KoUoid-Beihefte. 

KoUoidchemische Beibefte (now Kolloid-Beiheftc). 

Kolloid-Zeitschrift. 

The Lancet. 

Latvijas Universit&tes Raksti, Kimijas Fakultates 
Serija. 

Legkie Metally (Light Metals). 

Magyar Chemiai Folybkat (Hungarian Chemical 
Journal). 

Medical Parasitology and Parasitic Diseases (Mos¬ 
cow). 

Memoirs of the College of Science, KydtO Imperial 
University. 

Mercks Jahresberlcht. 

La Metallurgia Italiana. 

Metallurgia. 

Metallwirtsohaft, Metallwissenschaft, Metallteohnik. 

Mikroohemie. 

Mineralogical Magazine and Journal ol the Minera- 
logi(^ Society, 





TABM OF ABBBBVIATIONS EMFLOYBD IN mB BEFBEBNOBS* XI 


Abbreviated Tide* 


Full Titlb* 


Min. Syrie i ZveU MeUdly . 
Mitt. Berg. HiUten. Aht. 
HocJtsohule Sopron 

Milt. Lebenem. Hyg. . 

Monatsh. 

MUihcli. mod. Woch. . 
Nach.Ges. Wisfi.doUingcn . 

Naturwias. 

Natimnvetenacb. Tijda. 

New Hamps. Agric. Exp. 

Sta. Tech. Bull. 

Oesterr. Chem.-Ztg. . 
Paraait. 

Per. Min. 

Pflvycrs Archiv 

Phiirm. J. . . . 

Pharm. Wcekhlad 
Phann. Zmtr. . 

Phil. Mag. 

Phil. Trans. 

Philippine J. Bci. 

Physical Rev. . 

Physikal. Z. . 

Phyaikal. Z. SovieMnion . 
Phytopath. Z. . 

Planta .... 


Plant Physiol. . 

Prace Zakladu Mclall. Pol. 
Warsaw 

Proc. Camb. Phil. Soc. 

Proc. VI Oongr. 8. A Jr. 

Sugar Tech. Assoc. 

Proc. Imp. Acad. Tokyo 
Proc. Indian Acad. Sci. 
Proc. Internal. Soc. Soil Sci. 

Proc. 2nd Internal. Cong. 
Soil Sci. 

Proc. Iowa Acad. Sci. 

Proc. K. Akad. Wctcnsch. 
Amsterdam 

Proc. Manchester Lit. Phil. 
Soc. 

Proc. Nat. Acad. Sci. 

Proc. Nova Scotian Inst. Sci. 
Proc. Physical Soc. • 

Proc. Boy* Soc. « 

Proc. Moy^ Soa. Med. 

Proc. Soc. Exp. Biol. Med. 

Proc. Staff Meetings Mayo 
Clinic 

Przemyd Ohm. 


Mineralnoe Syrie i Zvotnye Metally. 

Mitteiluii^en der berg- und hiittenmauniscben 
Abteilung an der kgl. ungarischen Hoohschule 
fiir Berg- und Forstwesen zu Sopron, Ungam. 

Mitteiiungen aus dem Gebiete der Lebensmittel- 
untereuchungen und Hygiene. 

Monatshefte fiir Chemie und vorwandte Teile 
anderer Wissensohaften. 

Miinchener medizinische Wochensclirift. 

Naohrichten von der Gesellschaft der Wissenschaften 
zu Gdttingen. 

1 )ie Naturwissensohaften. 

Nat/uurwetenacliappelijk dschrift. 

New Hampshire Agricultural Experiment Station 
Technical BuDetin. 

Oesterrcichische Chemiker-Zeitung. 

Parasitology. 

Periodico di Mineralogia. 

Archiv fiir die gesamto Physiologie des Menschen 
und der Tiere. 

Pharmaceutical Journal. 

Pharmaceutisch Weekblad. 

Pharmazeuti8cJ)e Zentraihalle. 

Philosophical Magazine (The London, Edinburgh and 
Dublin). 

Philosopliical Transactions of the Royal Society of 
London. 

Philippine Journal of Science. 

Physical Review, 

Physikalisohe Zoitsohrift. 

Phyaikalisohe Zeitechrift der Sowjetunion. 

Phytopathologischo Zeitsehrift. 

Zeitschrift ftir wissenschafbliche Biologic. Abteilung 
E. Planta. Archiv fur wisaenschaftliche 
Botanik. 

Plant Physiology. 

Prace Zakladu Mctallurgicznego Politechniki War* 
sawskiej. 

Proceedings of the Cambridge Philosophical Society. 

Proceedings of the Sixth Congress of the South 
African Sugar TechnologivSts Association. 

Proceedings of the Imnerial Academy of Japan. 

Proceedings of the Indian Academy of Science. 

PrCceedinge of the International Congress of Sod 
Science. 

Proceedings of the 2nd International Congress of 
Sod Science. 

Proceedings of the Iowa Academy of Science. 

Koninklijke Akadomie van Wetensohappen to Am¬ 
sterdam (Proceedings, English version). 

Memoirs and Proceedings of the Mauchestc‘r Literary 
and Phdosophical Society. 

Proceedings of the National Academy of Sciences. 

Proceedings of the Nova Scotian Institute of Science. 

Proceedings of the Physical Society of London, 

Frooeedings of the Royal Society, 

Prooeed^s of the Royal Society of Medicine. 

Proceeding of the Society for Experimental Biology 
and Medicine. 

Proceedings of the Staff Meetings of the Mayo Clinic. 
Przemysl Chemioany. 
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Qvmi, J. Pharm, . . Quarterly Journal of Pharmacy and Pharmacology. 

Jiec. Med, Surv, India . Eeoords of the Malaria Survey of India. 
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Pep, Brit. Assoc, . . Reports of the British Association for the Advance¬ 

ment of Scifflace. 

Pev. Pete, Oienc. quim., La Revista de la Paoultad de Oiencias quimicas (Uiii- 
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Pev. gm. Caoutchouc . . Revue g^n^rale du Caoutchouc. 

Rev. Mu. . . Revue de M^tallurgie. 

Pev, Med. Physics . . Reviews of Modern Physics. 

Pev, Sci. Instr. . . Review of Scientific Instruments. 

Riv. Min. . . Rivista di Mineralogia e Cristallographia. 

Pocz* ChcTn, . . . Roezniki Chemji organ Polskiego Towarzysiwa 

Chemieznego. 

Pocz. Nauk roln. le^n. . Roezniki Nauk rolniczych i le^nych. 

Bchr. zentr. hiochem. Forsch- Schriften des zentralen biochemischen Forschungs- 
ungdnst. Nahr. Genuasm. institute der Nahrungs- und Genussmittel- 
Moacow industrie (Moscow). 

Schweiz, Apoth.~Ztg, . . Schweizerische Apotheker-Zeitung. 

Schweiz, med. Woc,h,. . Schweizerische medizinische Wochenschrift. 

Sci. Papers Inst. Phys. Scientific Papers of the Institute of Physical and 
Chem. Pea, Tokyo Chemical Research, Tokyo. 

Sci, Proc. Roy. Dublin Soc, Scientific Proceedings of the Royal Dublin Society. 
Sci. Pep, Nat. Taing Hua Science Reports of the National Tsing Hua Uni- 
Univ, versity. 

Sci, Pep. T6hoku Imp. Univ. Scientific Reports, T6hoku Imperial University. 

Sci, Rep. Tokyo Bunrika Science Reports, Tokyo Bunrika Baigaku. 

Daigaku 

Sewage Works J. . . Sewage Works’ Journal. 

Sitzungsber. Akad. Wisa. Sitzungsberiohte der Akademie der Wissenschaften, 

, Wien Wien. 

Sitzungsber, preitas. Akad, SitzuMsberichte der preussisohen Akademie der 
TTiss. Berlin Wissenschaften zu Berlin. 

Skand. Anh. Physiol. . Skandinavisches Archiv fiir Physiologie. 

Smithsoruian Miacell. Coll. . Smithsonian Miscellaneous Collection. 

Soil Sci. .... Soil Science. 

Suomen Kern, . . . Suomen Kemistilehti Acta Chemica Fennica. 

Svensk Kem, Tidskr. . Svensk Kemisk Tidskrift. 

Tech. Rep. Tdhoku . . Technology Reports of the Tohoku Imperial Uni¬ 

versity. 

Textile Res. . . . Textile Research. 

Trans. Amer. Inst. Min. Transactions of the American Institute of Mining and 
Met. Png. Metallurgical Engineers. 

^ans. Bose Res. Inst. . Transactions of the Bose Research Institute, Calcutta. 
Trans. Electrochem. Soc. . Transactions of the Electrochemical Society. 

Trans. Faraday Soc, . . Transactions of the Faraday Society. 

Trans. Inst. Rubber Ind. . Transactions of the Institution of the Rubber 

Industry. 

Trans. Kansas Acad, Sci, . Transactions of the Kansas Academy of Science. 

U.S. (^ol. Survey . . United States Geological Survey (BuUetins). 

U,8. Pub. Health Rep, . United States Public Health Service: Public Health 
. Reports. 

Ukratn, Chem. J. . . Ukrainian Chemical Journal (Ukrainskii Khemichnii 

Zhumal). 

Umon Phofmaceui. . . L’Union Pharmaceutique, Repertoire de Pharmacie : 

Archives de Pharmacie et Journal de Chimie 
mMicale (r^unis), 

Vefh, K, Akad, Amsterdam Verhandlingen der Konihklijke Akademie van 
. Wetensohappen te Amsterdam. 

Verh, Schweiz, Nat. Oes, , VerhandlungenaersohweizerisohennataxIorBohend^ 
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Water Works Eng, , 

Wise, Verdff, Siemens-Konz, 


Z, anal, Ckem, . 

Z, angetv, Chem. 

Z, anorg. CJiem, 

Z, Elektrochem, 

Z, Krist. 

Z, Metallk, 

Z, Mikrobiol, . 

Z, Pflanz. DUng, 

Z, Phyaik 
Z, phyaikaJ. Chem. 

Z, physiol. Chem. 

Z, Untera. Lebenam. . 

Z, Ver. dent, Zweker-lnd. . 

Z, Vitamin/orachung . 

Z. Wirts. Zmkerind. . 

Z. wiaa. Phot. . 

Zavod. Lab. 

Zentr. Bakt. Par. 

Zhur. Oba. Khim. 


Water Works Engineering. 

Wissenschaftliche VerSffentlichungen aus dem 
Siemens-Konzem. 

Zeitschrift fiir analytische Chemie. 

Zeitflchrift fiir angewandte Chemie (now Angewandte 
Chemie). 

Zeitschrift fiir anorganische und allgemeine Chemie. 

Zeitschrift fiir Elektroohemie (und angewandte 
physikalische Chemie). 

Zeitschrift fiir Kristallographie. 

Zeitschrift fiir MetaJlkunde. 

Zeitschrift fiir Mikrobiologie (Moscow). 

Zeitschrift fiir Pflanzenemahrung und Diingung. 

Zeitschrift fiir Physik. 

Zeitschrift fiir physikalische Chemie, Stochiometrie 
und Verwandtschaftslohre. 

Hoppe-Seyler’s Zeitschrift fiir physiologische Chemie. 

Zeitschrift fiir Untorsuchung der Lobeiismittel. 

Zeitschrift des Vereins der deutschen Zucker- 
Industrie (now Z. Wirts. Zuckerind.). 

Zeitschrift fiir Vitaminforschung. 

Zeitschrift der Wirtschaftsgruppe Zuckerindustrie. 

Zeitschrift fiir wissonschaitliche Photographie, 
Photophysik und Photochemie. 

Zavodskaya Laboratoriya. 

Zentralblatt fiir Bakteriologio, Parasitenkunde und 
Inf ektionskrankhei ten. 

Zhumal Obsohtchey Khimii. 


ERRATUM. 

VoL. 30, 1933. 

Page Line 

133 1* for “ aryl-magnesium halides read “ aryl-morcurihalides.” 


♦ From bottom. 





ANNUAL REPORTS 


ON THE 

PROGRESS OF CHEMISTRY. 


RADIOACTIVITY AND SUB-ATOMIC PHENOMENA. 

During the year, very rapid progress has been made in the study of 
artificial disintegration. The transformations among the lighter 
elements have been in many cases so inter-related that one can 
speak of nuclear reactions and a nuclear chemistry. The energy 
relations have led to a new scale of nuclear mass, and the detection 
and measurement of excited levels in these atoms are the beginning 
of a stage in the “ nuclear quantum physics ** initiated by the relation 
of a- and y-rays in former years. The use of neutrons as bombarding 
particles and the development of the “ slow neutron*^ process have 
led to wide developments in transmutation among the heavier 
elements. Some progress has been made in the study of the p-ray 
transformation and of the penetrating radiation. 

1. Isotopic Constitution of the Elements. 

In this field, work has continued with the mass spectrograph 
and by spectroscopic methods. The technique of the former 
consists largely in obtaining ions from recalcitrant elements, and 
A. J. Dempster ^ has introduced for this purpose a high-frequency 
spark between solid metal electrodes in a high vacuum. This 
source yields abundant ions from many elements, including Pt, 
Au, W, and Sn. Platinum examined by this method ^ gave isotopes 
at 192, 194, 195, 196, 198, the lightest being faint and 198 not so 
strong as the other three; palladium gave isotopes at 102, 104, 106, 
106, 108, 110. Gold gave no trace of Au 199 and it is suggested 
that its accepted atomic weight is too high. Iridium gave 191 and 
193, the latter being the more abundant.^ Uranium gave one 
isotope at 236 with intensity < 1% of that due to U^®, and it is 

» Nature, 1936,185, 642; A., 677. 

* A. iT. Dempster, p. 998; A«, 909. 

* Idern^ ibid,, 186, 909; cf. B, Venkatesachar and L. Sibaiya, ibid., p. 437; 
A., 1296. 
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suggested that this substance is the parent of the actinium series,^ 
Fiirther evidence on the actinium problem is obtained from a 
chemical determination of the atomic weight of protoactinium 
by A. von Grosse.^ F. W. Aston ® has published new mass- 
spectrograph results on Hf, Th, Rh, Ti, Zr, Ca, Ga, Ag, Ni, Cd, Fe, 
In, and the mass-spectrograph has also been used to obtain values 
for the abundance ratio of isotopes of Li, K, and Rb.'^ 

Spectroscopic Methods. —The study of hyperfine structure of 
spectral lines which show an isotope splitting and the investigation 
of band spectra now provide a more or less definite contribution 
to our knowledge of isotopes. For instance, in platinum the ratio 
of the abundance of Pt^^, Pt^^^, Pt^®® is given as —: 5 : 8 ; 8 by 
B. Fuchs and H. Kopfermann ® and as 2:10:13:16 by B* Ven- 
katesachar and L. Sibaiya,® both sets of workers using photometry 
of the hyperfine structure of Pti lines, while band spectra have been 
used to investigate the isotopes of cadmium, zinc (hydride bands), 
and indium (iodide bands). 

Some additions have been made to the determinations of nuclear 
mechanical and magnetic moments by the methods discussed in 
the Report for 1934. The new determinations include holmium,^^ 
hafnium,^® silver,^^ lanthanum,^® and potassium.^® The only 
important technical advance represented is a spectroscopic one, 
viz., the use of absorption-spectrum lines taken with an atomic 
beam to avoid Doppler effect. Regularities in the distribution of 
nuclear mechanical moments among atoms of odd and even atomic 
numbers have been noticed by S. Tolansky.^"^ 

Among the lighter elements, the study of the nuclear transmut- 

* A. J. Dempster, Nature, 1935, 135, 180; A., 1048; A. von Grosse, J. 
Physical (Jhern., 1934, 38, 487; A., 1934, 678. 

® J. Amer. Chem. Soc., 1934, 66, 2501; see also these Reports, p. 146, and 
review by G. Elson, (Jhem. Weekhlad, 1935, 82, 343; A., 910. 

« Proc. Boy. Boc., 1935, [A], 149, 396; A., 802. 

’ H. Bondy, G, Johannsen, and K. Popper, Z. Pkysik, 1936, 96, 46; A., 
909; A. K. Brewer and P. D. Kueck, Physical Pn’.,'l934, [ii], 46, 894; A., 
1935, 140. 

» Naturwiss., 1935, 23, 372; A., 909. 

» Proc. Indian Acad. Sci., 1935, 2, A, 101; A., 1185. 

G. Stenvinkel and E. Svensson, Nature, 1935, 186, 956; A*, 802, 

“ M. Wehrli, Helv. Phyeica Acta, 1934, 7, 611; Chem. ZerUr., 1934, ii, 2953 ; 
A., 1936, 668; cf. A., 1934, 1286. 

H. Schuler and T, Schmidt, Naturwias., 1935, 23, 69; A., 424. 

E. Rasmussen, ibid.; A., 424. 

J* H. Hill, Physical Rev., 1935, [ii], 48, 233; A., 1183. 

M. F. Crawford and N. S. Grace, ibid., 47, 636; A., 676. 

D. A. Jackson and H. Kuhn, Proc. Roy. Soc., 1935, [A], 148, 335; A., 

656 . 

Nature, 1935, 135, 620; A., 670. 



BBADBIOK. 


17 


ations which take place when these are bombarded with protons or 
deuterons has led to an interesting revision of nuclear masses. 
The necessity for revision was pointed out independently by 
H. A. Bethe and by M. L, E. Oliphant, A. E. Kempton, and 
(Lord) Rutherford.^® In nuclear reactions there is strong evidence 
that the law of conservation holds if mass and energy be regarded 
as equivalent. The energies involved in the transmutation of the 
H, He, and Li nuclei among themselves may be beautifully explained 
on this basis,^ the masses for the nuclei being taken from the 
mass-spectrograph work of Aston and of Bainbridge. If we regard 
the nucleus Be® as made up of two a-particles and a neutron, the 
mass assigned by K. T. Bainbridge (9-0155; 0^® = 16*000) 
exceeds that of the components (8*0043^^ + 1-0080 ^®) by the equi¬ 
valent of about 3 M.E.V.* and the Be® nucleus should therefore be 
unstable. 

No spontaneous disintegration had, however, been found by 
careful experiments.^^ Further, the energy of the a-particles 
obtained when Be is bombarded with protons 

,Be® + ,Hi— >3Li® + ,He4 

is mucli less than that calculated from the mass data of Bainbridge 
and of Aston. ^® A separate experiment showed that the excess 
energy was not radiated as a y-ray. Similar difficulties arise in 
connexion with the a-particles obtained by bombarding beryllium 
with deuterons 

4Be® + ,H2—> gLi’ + 2He^ 

and in the case of boron bombarded with protons.^^ 

Oliphant, Kempton, and Rutherford point out that in the mass- 
spectrograph determinations the masses of H^, Li®, and Li"^ 
were determined by comparison with He^, whereas those of Be®, B^®, 
and B^i were determined by comparison with with differences 
determined with reference to H^. A small error in the mass ratio 
He^/0^® would give a cumulative error in the masses of the other 
elements. By assuming a small error in this ratio and applying a 

Physical Rev., 1935, [ii], 47, 633. 

^9 Proc. Roy. Soc., 1935, [A], 160, 241; A., 910. 

90 Idem, ibid., 140, 406; A., 803. 

9^ Physical Reo., 1933, [ii], 48, 367. 

98 F. W. Aston, Proc. Roy. Soc., 1927, {A], 116, 487. 

*8 J. Chadwick and M. Goldhaber, Nature, 1934, 134, 237. 

84 See, e.g., E. Friedlander, Compt. rend., 1935, 201, 337; A., 1185; R. D. 
Evans and M. C. Henderson, Physical Rev., 1933, [ii], 44, 59; A., 1935, 141. 

*8 D. M. Gang, W. D. Harkins, and H. W. Newson, ibid., p. 310; A., 1935, 
141; F. Kirohner, Physikal. Z., 1933, 34, 897; A., 1934, 128. 

♦ M.E.V, signifies one milUon electron-volts here and throughout this 
Report. 
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oonesponding correction to the mass-spectrograph data, it is 
possible to obtain a set of masses which agree much better with 
transmutation data, F. Kirchner and H. Neuert had previously 
suggested a revision of the mass of Be® to fit in with their transmut¬ 
ation data. Bethe pointed out that the excited nucleus 
with 4'8 M.E.V. extra energy was still stable against disintegration 
into three a-particles, while the masses given by Aston would 
necessitate instability at a much lower excitation energy. He 
drew up a now scheme of masses for the elements up to O^'^, and 
suggested a revision of the He*/0^® ratio. The new atomic masses 
are given in Table I. F. W. Aston has redetermined the masses 
of some of the light nuclei and has found values in better accord 
with the masses deduced from energy changes. 


Table I. 


Revised Nuclear Masses based on Transmutation Data, 



Botho.^® 

Oliplmnt et 

Aston, etc. 

0?^^ . 

. 1-0085 

1-0083 


iH> . 

. 1-0081 

1-0081 

1-0081 ♦ 

. 

. 2-0142 

2-0142 

2-0148 ♦ 

. 

. 3-0161 

3-0161 

3-0151 

jHe* . 

. 4-0034 

4-0034 

4-0041 ♦ 

,Li*. 

. 6-0161 

6-0163 

6-0175 

. 


7-0170 

7-0176 

. 

. 9-0135 

9-0138 

9-0164 

gBio. 

. 10-0146 

10-0143 

10-0135 

. 

. 11-0111 

11-0110 

11-0121 

. 

. 12-0037 

12-0027 

12-0048 

. 

. 13-0069 


13-0051 

. 

. 14-0076 


14-0042 

. 

. 16-0053 


16-0032 

,0“ . 

. 16-0000 

16-0000 

16-0000 

. 

. 17-0040 




Values marked ♦ are from Aston.*^ 


The study of artificial disintegrations has led to new precise values 
of a few other nuclear masses 2 ® C. D. Ellis and W. J. Henderson 
have shown that the upper limit of the P-ray or positron spectrum 
may be used to calculate the energy differences between the initial 
and final nuclei in a p-transition, and this reveals the possibility of 
determining a large number of nuclear masses, since the great 
majority of the artificial radioactive transformations are of this 
type. It should be pointed out that the exact nuclear masses are 
quantities of great importance, since they have a very direct 
connexion with the binding forces in the nucleus. 

*« PhyaikaUZ,, 1936, 88, 64; A., 277. 

*’ Nature, 1936,186, 541; 677, 

*» E. O. Lawrence, Physical Rev,, 1936, [ii], 47, 17; A„ 277, 

** Proc, Roy, Soc., 1936, [A], 162, 714. 
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The mass of the neutron which appears in this table rests upon 
several independent experimental results.^® The transformation 

with the new Aston masses for and and the energy of the 
y-ray determined by Fleischmann gives a value 1*0083. P. I. Dee 
and C. W. Gilbert's investigation of the reaction —y 

gHe® + enabled them to deduce the mass 1*0080 ± 0*0004. 
The neutron may therefore give a proton and an electron by an 
exothermic reaction 


oni = iHi + e + 0*2 M.E.V.^ 

2. Nuclbab Transmutation. 

Work on the production of new atomic species by bombardment 
of elements with a-particles, protons, deuterons, and neutrons 
has continued during the year, so there is now a regular nuclear 
chemistry." Many of the nuclei obtained are radioactive with 
half-hfe periods varying from 0*02 sec. to several months. In 
several cases, a given new nucleus can be obtained by several routes, 
and in many cases the new elements have been identified by chemical 
methods, c.gr., precipitation with appropriate reagents after the 
addition of an isotopic or homologous ion. 

Following Fleischmann and Bothe,^^ we shall denote, the 
reaction + 2 He ^—^ as one of type (a;p). The 

expulsion of neutrons by a-particles then becomes a reaction of 
type (a ; n). Protons may give reactions of t 3 rpe 8 (p; a), (p; n), or 
(jP;—) (capture). Deuterons give (d; a). (d;n), and, rather fre¬ 
quently, (d; p), while neutrons give (n; a), {n ; p), and {n ; —), 

OL-Particles ,—^No new (a; p) reactions giving rise to stable nuclei 
have been discovered, but several processes of this type, giving 
radioactive nuclei (Curie-Joliot type) have been reported. Silicon 
bombarded with a-rays gives a product of half-life 17—18 days, 
wliich is probabty and gives electrons and not positrons on 
disintegration. The half-life and the absorption coefficient of the 
p-rays agree with those of isP®^ obtained by bombarding jgSi®* with 
neutrons.^' Magnesium bombarded with a-particles gives 

Cf. ref. (23). 

Physih, in the press; see also R. Fleischmann and W. Bothe, 
exakt, NaturwisB,, 1936,14, 1. 

« Pmc. Roy, Soc„ 1935, [A], 149. 200; A„ 678, 

« G. Wentzel, Naturwiee,, 1935, 28, 36; A., 278. 

H. Fahlenbrach, ibid,, p. 288; A., 803. 

»® Idem, Z, Physik, 1936, 90, 603; A., 803. 
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several active elements, the most probable process being 

^ 3 A 128 + e- (t - 2-1 m.) 

but the following reactions probably also take place ; 

,oMg26 + gHe" —> ,3AF + 

i3Al^—>i4Si^ + e- 

i4Si2’—>i3A12^ + e^' 

O. R. Frisch,®® on bombarding sodium fluoride or lithium fluoride 
with a-particles, found an activity which he ascribed to Na®® 
formed by an (a; p) process. The half life was > 6 months, and the 
mean energy of the positrons was 0*2 M.E.V. Calcium gave a 
positron-emitting element, probably Sc^, with a half period of 
about 4J hours. This is the heaviest nucleus for which there is 
convincing evidence of disintegration of this type. A few further 
investigations have been made on previously known reactions. 
New determinations®® of the halving period of radio-nitrogen, 
^N^®, give 11*0 and 10*73 minutes, which is identical with that 
of ^N^® obtained from by {p ; —) and {d ; n) processes. 

Several new processes of the type (oL\n) have been discovered. 
Silicon and phosphorus were found to give neutrons when bom¬ 
barded with a-particles,^ and O. Haxel^^ finds that nitrogen 
gives under fast a-bombaidment a radioactive nucleus of half hfe 
1*2 minutes in addition to the long-known (a;p) transformation 
into stable 0^’'. The new nucleus is probably F^"^ produced by the 
reaction + 2 ^©^—>■ + 0 ^^ (c^* P- 23). K. Schnetzler^^ 

has interpreted his results on the excitation function (see below) of 
lithium as indicating an excitation process without capture of the 
a-particle or emission of charged particles. P. SaveH® has found 
evidence of a similar process in Li, N, Al, F. In the (a; p) process 

the C^® nucleus may often be left in an excited state which emits 
a y-ray, the proton carr 3 dng away less than the full energy of the 
transformation. This interpretation has been confirmed by a 

»« C. D. Ellis and W. Henderson, Nature, 1936, 186, 766. 

A. Eckhardt, Nalurtvise., 1936, 23, 627; A., 1049. 

Nature, 1936, 186, 220; A., 1186. 

C. B. Ellis and W. Henderson, ibid., 136, 429; A., 569; H. Fahlenbrach, 
Z. Phyaik, 1934, 94, 607. 

E. Axnaldi, O. d’Agostino, E. Fermi, B. Pontecorvo, F. Raeetti, and 
E. Segr4, Ric. Sci., 1936, 6, [i], 11/12. 

Z. Phyaik, 1936, 98, 400; A., 426. ** Ibid., 96, 302; A., 1049. 

Afw, PhyHque, 1936, [xi], 4, 88; A., 1049. 
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coincidence counter method by W. Bothe and H. Von Baeyer.^ 
A group of fidl-energy protons is also emitted, and,^ese show^ no 
simultaneity with y-ray emission. \ ' 

Protons, —Considerable data have been accumulated on' 
details of the disintegration of lithium, beryllium, boron, carbon, and 
fluorine by artificially accelerated protons; carbon alone gives an 
unstable product-nucleus, apparently by the simple capture reaction 

+ 45.46 

The radioactive substance behaved physically like nitrogen^® and 
gave a positron emission with an energy distribution extending up 
to about 1-1 M.E.V., which is in reasonable agreement with the 
values for obtained by bombarding boron with a-particles (for 
identity of periods, see ref. 39). The “ capture y ” radiation was 
detected it was “ hard ” but was too weak to be examined in 
detail. The y-rays produced in the bombardment of boron and 
lithium by protons have been examined by measuring the energy 
of recoil electrons in a cloud chamber. The energies in the case of 
boron go up to about 14*5 M.E.V. and are ascribed to the reaction 
B^i + —>■ The lower energies present may be due to an 

alternative process B^^ + 3He^ or to a step-wise relaxation 

of a nucleus excited to 14*5 M.E.V. The possible existence 
of a 14-5-M.E.V. excited level in raises interesting theoretical 
difficulties. In the case of lithium the capture y radiation is found 
to show a complicated structure of discrete lines with energies up 
to 16 M.E.V. The reaction is supposed to be Li*^ + —> He^ 

+ He^ and the y-rays are due to excitation of the a-particles, which 
must have a series of energy levels between 0 and 16 M.E.V.*® 
The transmutation functions of a and p processes, i.e., the 
variation of the probability of a transmutation with the energy of 
the bombarding particles, have been the object of special study. 
The bombarding particle may get inside the nucleus by passing 
over a potential barrier representing the repulsive forces of the 

** Nach, Gee, Wiss, Gottingen^ 1936, 1, 196; von Baeyer, Z, Phyaik, 1936, 

95, 417. 

** J. D. Cockcroft, C. W. Gilbert, and E. T. S. Walton, Proc, Roy, Soc,^ 
1935, [^], 148, 226; ^., 276. 

L. R. Hafstad and M. A. Tuve, Physical Rev,, 1935, [ii], 48> 306; H. 
Neuert, PhyaikaZ, Z,, 1936, 86, 629; A., 1297. 

H. R. Crane, L. A. Delsasso, W. A. Fowler, and C. C. Lauritsen, Physical 
Rev,, 1936, [ii], 48, 102. 

Idem, p. 126; A., 1186. 

M. L. Oliphant, E. S. Shire, and B. M. Crowther, Proc, Roy, Soc,, 1934, 
[A], 146, 922; A., 1936, 7. 

C. C. Lauritsen and H. R. Crane, Physical Rev., 1934, [ii], 46 , 637, 1109. 
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nuoleiis or by a “ resonance ** process in which a particle with a 
definite special amount of energy is transmitted through the barrier. 
In the former case the transmission is calculated by Gamow's theory, 
which gives a monotonic, approximately exponential increase with 
energy of the incident particle; in the case of resonance, there are 
peaks in the transmission cm*ve and therefore in the transmutation 
function. The results available up to October, 1934, have been 
used in a paper by E. C. Pollard,^^ in which the values deduced for 
the height of the potential barriers are tabulated, together with 
resonance levels. The barrier heights and resonance levels lie on a 
smooth curve when plotted against atomic number. The barrier 
height is not the same for a-particles and for protons. Resonance 
occurs both for a-particles and for proton transmutations; it is 
particularly well marked for proton-capture processes of the type 
^Qi2 ^ ^ y reaction shows two sharp reson¬ 

ances at 480 and 400 kv. The y-ray emission from lithium bom¬ 
barded by protons shows resonance at 450 and 860 kv., but these 
rays from beryllium similarly bombarded do not appear to show 
resonance.®^ A theoretical anMysis has been made by G. Breit 
and P. L. Yost,®^ who find that the simple model of the nucleus as a 
potential well surrounded by a region of inverse-square field must be 
modified to account for the experimentally observed probability of 
capture in the case of carbon. 

Deuterom .—^The use of the nucleus (deuteron) as a bom¬ 
barding particle has led to very interesting results. 

The transmutations of nitrogen -f + 2 ^®^ 

I (d; a) process] and [(d; p) process] have 

been studied by E. O. LavTence, E. McMillan, and M. C. Henderson.®^ 
The existence of excited levels in the and nuclei gives rise 
to a compKcated set of ranges among the products, since different 
amounts of energy may be taken up by the nuclei and radiated as 
y-rays. The y-rays emitted in these processes have been studied by 
the cloud-chamber recoil method,®^ and a set of y-ray linos observed, 
'^rhese data may also be compared with the energies of the y-rays 
observed in the reactions 

B11 + H2—+ 

and 

,Be» + + 

Physical Rev,, 1936, 47, 611; A,, 804. 

L. K. Hafstad and M. A. Tuve, ibid., p. 606; 48, 306; A., 1297. 

lhid.,ip. 203; A., 1186. Ibid., 47, 273; A., 659. 

H. R. Crane, L. A. Delaasso, W. A. Fowler, and C. C. Lauritsen, ibid.^ 
48,100. 

Idem, ibid., 1934, [ii], 46, 1110. 

H. Becker and W. Bothe, Z. Phyaik, 1932, 76, 421. 
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There is therefore good evidence of the eristence of series of excited 
states in the light nuclei; in some cases there is doubt as to which 
product of a reaction gives rise to a y-ray. T. W. Bonner and 
W. M. Brubaker find, by studying the energy distribution of the 
neutrons, that the reaction 3 Li^ + 22 He^ + may take 

place either as shown or with Be® as an intermediate nucleus. 
Li, Be, B, C, N, 0, F, Na, Si, Al, Cu, and Pt all yield radioactive 
products under deuteron bombardment. The reactions with lithium, 
boron, and fluorine are probably of (d ; p) t 3 rpe; they give 
p-emitting substances of short period. 

Nitrogen gives radioactive and oxygen gives radioactive 
F^^ by {d ; n) processes, and the identity of the new radio-elements 
has been established by chemical tests. The case of Na^, obtained 
by a (d; p) process, on bombarding Na^®, has been studied exhaust¬ 
ively by E. 0. Lawrence.®® This substance may have extensive 
application, for it has a half life of 15*5 hours, and already in 1934 
Lawrence prepared sources equivalent to about 1 mg. of radium. 
It gives electrons up to 1*2 M.E.V., and homogeneous y-rays of 
5 5 M.E.V. 

The transmutation functions for deuteron bombardment have been 
studied by E. 0. Lawrence, E. McMillan, and R. L. Thornton 
with very important results. They find that the efficiency of the 
bombardment of sodium, silicon, and aluminium does not increase 
with the energy of the deuterons as rapidly as would be expected 
on the Gamow theory of a charged particle penetrating a potential 
barrier. The production of radioactivity in copper by deuterons 
accelerated to less than 3*6 M.E.V. was observed, and it is very 
remarkable, since the comparatively heavy nucleus is protected 
by a formidable potential barrier. The processes investigated are 
all of (d; p) type, and a theory worked out by J. R, Oppenbeimer 
and M. Phillips explains the results on the view that the deuteron 
consisting of proton and neutron is deformed when it approaches a 
potential barrier, and the neutron may be captured by the nucleus 
without the proton penetrating the barrier. The theory rests on 
the relatively small binding energy, E, of proton and neutron in the 
deuteron, and this energy appears as a parameter in the formula 
obtained. The formula fits the experiments with E equal to about 
2*2 M.E.V., which is in agreement with other estimates. It appears 
that quite heavy nuclei may be transformed by deuteron impact, 

Physical 1936, [iij, 48, 742. 

Crane, Delsasso, Fowler, and Lauritsen, ibid,, 47, 887, 971. 

E. McMillan and M. S. Livingston, ibid., p. 452; 559. 

H. W. Newson, ibid., 48. 790. 

Ibid., 47, 17; A., 277. «» Ibid., 48, 493, 


«* Ibid., p. 601. 
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and an artificial radioactivity produced in this way has been reported 
for platinum. 

Neutrons ,—few further experiments have been done directly 
on the atomic disintegrations produced by neutron bombardment, 
using the cloud chamber. W. B. Harkins, B. M. Gans, and H. 
W. Newson have studied reactions which they consider to be 

joNe2o + o^'—>80'^ + 2He^ 

The nucleus appears to be radioactive. F. N. B. Kurie ®® 
used nitrogen in a cloud chamber and interpreted his results as 
showing capture of the neutron and emission of an a-particle. Ho 
suggests that is formed by capture and disintegrates with a half life 
of about 10-20 sec. He finds that the kinetic energy of the products 
of disintegration is independent of the energy of the incident neutron, 
and suggests that in the capture of the neutron the excess energy is 
radiated away. This is different from the cases of disintegration pro¬ 
duced by a-particles studied by Blackett in which energy is conserved, 
and Kurie suggests that it is characteristic of neutron disintegration. 
The reactions in w^hich slow neutrons are captured by boron and 
lithium have been studied by J. Chadwick and M. Goldhaber,®"^ and 
by H. J. Taylor and Goldhaber,®® using a new method in w’^liich the 
tracks left by the particles in a photographic emulsion are examined 
with a microscope. The capture of neutrons by a number of 
elements with emission of y-rays has also been observed. These 
reactions will be considered below. 

An enormous mass of results has been accumulated on the pro¬ 
duction of radioactive nuclei by neutron bombardment; these are 
included in Table II. At the end of 1934, Fermi and his co-workors 
discovered that the activation of a large number of elements was 
greatly increased by interposing a body of water or other hydrogen- 
rich substance around the source and the material to be irradiated. 
They correctly attributed the effect to the slowing down of the 
neutrons by collision with the hydrogen nuclei, and a great deal of 

Physical Rev., 1933, [ii], 44, 945; A., 1933, 1225; 1935, [ii], 47, 52; 
A., 277. 

Ibid., p. 97. 

Nature, 1936, 135, 65; A., 277; see also B. Kurtschatov, I. Kurtschatov, 
and G. Latichev, Compt. rend., 1936, 200, 1199. 

Nature, 1936, 136, 341; A., 426; H. J. Taylor, Proc. Physical Soc., 1935, 
47, 873; A., 1297. 

E. Amaldi, O. dAgostino, E. Fermi, B. Pontecorvo, F. Rasetti, and 
E. Segr4, Proc. Roy, Soc., 1936, [A], 149, 622; A., 910; preliminary reports 
in Ric, Sci., 1934, 2, 280, 380, 381, 467; 1935, 1, 123; O. dAgostino, Oazzetta, 
1934, 64, 836; A., 1936, 276. 
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work has been done on the mechanism of this action and the 
properties of slow neutrons. 

In many cases the radio-elements formed by neutron bombardment 
have been identified by chemical tests.®® It will be seen from 
Table II that by far the most common reaction is a simple 
capture of the neutron, giving an isotopic nucleus one unit heavier. 
This seems always to be the case when the activation is enhanced by 
water, and is therefore due to slow neutrons. The capture is 
often accompanied by y-emission, which may include y-rays of very 
high energy. In some cases the capture can be demonstrated by 
the absorption of the slow neutrons, using a disintegrable substance 
as a detector, though the product of capture shows no radioactivity 
and is apparently a stable nucleus. This is the case with Cd and Y. 
In the cases of lithium and boron, the bombardment with slow 
neutrons gives rise to capture y’s and the emission of an a-particle. 
These reactions may be used to detect slow neutrons. 

Some of the products of neutron bombardment are of special 
interest. Fermi and his associates found that the products 
of bombardment of uranium with neutrons included radio-elements 
not isotopic with any known element, and which they ascribed to 
elements with Z>92. A. von Grosse and M. S. Agruss examined 
this view and concluded that it was not valid, but that the elements 
were isotopic with Pa®^. New evidence has been brought forward from 
the chemical side by O. Hahn, L. Meitner, and F. Strassmann,^® who 
show that the substance of half life 13 minutes is eka-rhenium with 
Z — 93, and the later paper of Fermi not only produces new chemical 
tests but shows, by the identical water effects on the various active 
products, that they arc probably products of successive transformation 
92IT + n —> 92 ^ —^ ^93 P —^ ^94 P 

The phenomenon of successive transformation is shown by the 
series Cl®^ + n —Cl®®; Cl®® —>• A®® + e-; A®® —S®® + 
and by the elements formed by the irradiation of thorium with 
neutrons.’® The series is probably to be represented as 

Th232 + n —^ 8gA22» + a* —,gC*2» 

®® 88 i j 89 ^ 90 

Th2»2 + n —^ A23S 

80 mins. 

F. Joliot and L. Kovarski, Compt, rend., 1935, 200, 824. 

Proc. Roy. Soc., 1934, 146, 483; A., 1934, 1284. 

7® Physical Rev., 1934, [ii], 46, 241; J. Amet. Chem, Soc., 1936, 67, 438. 

7a Naturwiss., 1936, 23, 644; A., 1060. 

7* W. F. Libby, M. D. Peterson, and W. M. Latiiner, Physical Rev., 1936, 
[ii], 48 , 671. 

T** O. Hahn and L. Meitner, Nalurwiss., 1936, 23, 320; A., 910; (Mme.) 
I. Curie, H. von Halban, and P. Preiswerk, Oompt. rend., 1936, 200, 1841, 
2079; A., 911, 1060; of. ref. (69). 
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The chemical behaviour of the activity is consistent with this scheme 
and the elements belong to the hitherto-unknown radioactive 
series with If « 4n + 1- The rare earths have been investigated 
by 8* Sugden/® G, von Hevesy and H. Levi,^*^ and J. C. McLennan.'^® 
The activations of europium, dysprosium, and holmium are among 
the strongest which have been observed. There are some discrep¬ 
ancies which are probably due to the difficulties in separating these 
elements. 

The Transmutation Function for Neutrons and the Speed of Slow 
Neutrons. —^T. Bjerge and C. H. Westoott examined various cases 
of artificial disintegration, using neutrons from different sources. 
They found that the reaction + ^n^ —> + 2 ^^* 

could not be observed with neutrons of about 2 M.E.V. from the 
bombardment of deuterium with deuterons, while the reaction 
15 ?^^ + ^was only reduced to one-third as 

compared with an equal number of neutrons from a Ba-Be source 
(up to 14 M.E.V.). Similar researches,®® using as alternative 
sources the neutrons from Ra-Be and Ra-F (up to 4*6 M.E.V.), 
showed that the {n ; a) activation of silicon and phosphorus did not 
occur with the slower neutrons, while the reactions + 0 ^^ —>• 

i2Mg27 + ^ ^iii did. P. Preiswerk 

made similar investigations, using the neutrons from Ra + B 
(up to 6 M.E.V.), and found that the {n;p) reactions with silicon, 
aluminium, and iron did not take place, while that with magnesium 
did. For a large number of transmutations, however, the yield 
is greatly increased by slowing the neutrons down in a hydrogen- 
rich material, and Fermi suggested that they were slowed down by 
multiple elastic collisions with hydrogen nuclei till they attained 
‘‘ thermal ’’ velocities. The correctness of this view has been shown 
by P. B. Moon and J. R. Tillman’s experiments,in which the 
block of paraffin surrounding the test material was cooled with 
liquid air. The efficiency of activation in some cases was increased 
considerably, but the increase was not the same for all elements. 
The interpretation of the results is complicated by an increased 
absorption of the very slow neutrons in the paraffin itself. Similar 
results have been found by Fermi and others.®® A direct proof 

Nature, 1935, 185, 469; A,, 659; J. K. Marsh and S. Sugden, ibid., 
136, 102; A„ 1050. 

’’ Ibid., p. 103; A., 1060. « Ibid., p. 831* Ibid., 1984, 184, 177, 286. 

I. Kurtachatov, L. Missovski, M. Eremejev, and G. Schtsohepkin, Phyeikal, 
Z. Sovietunion, 1936, 7, 267. 

Gvmpt. tend., 1936, 800, 827; A., 668. 

«« Nature, 1936, 135, 904; 186, 66; A., 802, 1049; Froc. Roy. Soc,^ 1986, 
[A], m. 476. 

Bie. Sci., 1936,6,1, 11/12; see also J. R. Dunning, G. B. Pegram, G* A. 
Fink, and D. P. Mitchell, Physical Rev., 1935, [ii], 47, 796 ; 46, 266; A., 1186* 
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of the velocities of the neutrons has been achieved by Fermi, 
by 0. R. Frisch, and by E. T. Sorensen,®® who fastened source and 
test piece to a rotating wheel surrounded by parafl&n and observed a 
kind of aberration effect, and by J. R. Dunning, Q. B. Pegram, 
G. A. Fink, D. P. Mitchell, and E. Segr6,®® who used a toothed- 
wheel velocity selector with absorbing sectors of cadmium. 

The mechanism of the slowing down of neutrons, the cross section 
of the hydrogen nucleus, etc., have been investigated by a number of 
workers.®'^ It seems that the greater part of the slowing in hydrogen 
is due to elastic collisions. The efficiency of the slowing process is 
reduced with heavy water.®® There is, however, another process by 
which neutrons can be slowed down, viz,, the excitation of a nucleus 
without capture of the nucleus.®®* It is found that screens of 
heavy metals, i.c., gold or lead or silver,®^ do increase the intensity 
of ‘‘ water sensitive ” reactions by this process. 

The cross section for interaction of these slow neutrons with 
nuclei, as determined by the absorption method, is in many cases 
very large (3 X 10“®® cm.® for gadolinium, 3 X cm.® for 

cadmium). It varies enormously from element to element, whereas 
the collision cross sections for fast neutrons lie on a fairly smooth 
curve when plotted against atomic numbers.®® The cross section 
has been dealt with theoretically by several authors,®® and Bethe 
has attempted a rather complete theory of the interaction of 
neutrons and nuclei, making a straightforward application of wave 
mechanics. The probability of capture may be large for slow 
neutrons on account of the long time they spend in the nucleus, and 
may be further increased by a resonance factor which cannot be 
predicted and varies from nucleus to nucleus. The theory shows 
(a) that a nucleus may have a large cross section for the elastic 

Ric. Sci,, 1935, 6, No. 1, 11-12. Nature, 1935, 136, 258; A,, 1186. 

Physical Rev., 1935, [ii], 48, 704. 

R. Fleischmann, Naturwiss., 1934, 22, 839; A., 1935, 41; T. Bjerge 
and C. H. Westcott, Proc. Roy. Soc., 1935, [.4], 150, 709; A., 1180; Proc. 
Comb. Phil. Soc., 1935, 81, 145; A., 426. 

H. Herszfinkiol, J. Rotblat, and M. Zyw, Nature, 1936, 135, 653; A., 
678; C. H. CoUie, J. H. E. Griffiths, and L. SzHard, ibid., p. 903. 

«• D. E. Lea, ibid., 1934, 183, 24; Proc. Roy. Soc., 1935. [A], 150, 637; 
A., 1186; J. R. Dunning, G. B. Pegram, and G. A. Fink, Physical Rev., 
1935, [ii], 47, 325; R. Fleischmann, see ref. (87); F. Auger, Compt. rend., 1934, 
198, 365. 

•® L. Wertenstein, Nature, 1934,184, 970. 

W. Ehrenberg, Nature, 1935,186, 870; B. Kurtschatov, I. Kurtschatov, 
L. Miasovski, and I. Roussinov, Compt. rend., 1936, 200, 1201. 

•• Dunning, Pegram, Fink, and Mitchell, Physical Rev., 1936, [ii], 489 265. 

•• Amaldi et ol,, see ref. (69); H. A. Bethe, Physical Rev., 1936, pi], 47, 
747; F. Perrin and W. Elsasser, Compt. rend., 1935, 200, 460; G. and 
L. H. Horsley, Physical Rev., 1936, [ii], 47, 610. 
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scattering of slow neutrons; (6) that capture with the emission of 
y-rays may take place with large probability if there is a suitable 
vacant neutron level in tJie nucleus—in the absence of resonance 
the probability of capture decreases inversely as the velocity; 

(c) that disintegration with emission of a-particles may take place 
with high probability if the process is exothermic and the potential 
barrier opposing the exit of the a-particle is not too high—for this 
reason it is confined to light elements— {n;p) disintegration is 
always endothermic and does not take place with slow neutrons; 

(d) that excitation without capture may also occur. 

This theory collates many of the known facts. It is, how¬ 
ever, incomplete, since evidence is appearing that the cross 
section of different nuclei can vary in different ways with the 
neutron velocity. This appears strongly from the experiments of 
Moon and Tillman and from those of Fermi and Amaldi,®^ in 
which an absorber is shown to absorb selectively (a) the neutrons 
which activate it and (b) some other bands of neutron energy. 

y-Bays (Nucleur Photo-effect). —^The reactions -f /iv — > 
4 Be® + —>- ^Be® + have been confirmed and 

further studied.^® Arzimovitch and Pali bin find that the latter 
reaction does not proceed with y-rays of energy less than 1*3 M.E.V. 

Electrons. —Some reports have been made of an artificial 
radioactivity produced in aluminium by fast electron bombard¬ 
ment.®® No activity was found by Livingood and Snell after 
850-kv. bombardment, and this disintegration by electrons does 
not seem very likely. 

Table II. 


Nuclear Reactions and Radioactive Transformatio7is of Light 
Nuclei (References in parentheses). 


iH* + 
iH* + 


4 - Y m 
-f on> (95) 

aHeS ^ (33) 

-> 4- iHi (33) 


,Li« + 0^' -iH» 4- fiHe* (67) 

,Li« 4- -> jjHoa 4- ,He* (49) 

sLi® + jH* -> 2aHe* 4- Y (49) 

r+ 

,Li« 4- sHe*-gB® -}- on^ (98, 99). B» Be» 

Ric. Sci., 1935, 6, ii, 9/10. 

J. Chadwick and M. Goldhaber, Proc. Roy. Soc., 1935, [A], 151. 479; 
A., 1293; cf. A., 1934, 1053; W. Centner, Compt. rmd., 1935, 200, 310; 
L. Arzimovitch and P, Palibin, Phyaikal. Z. Sovietumon, 1935, 7, 245. 

*• M. Tanaka, PhyaictU Rev., 1936, [ii], 48, 916; J. J. Livingood and H. H. 
8nell, Md., p. 861. 

Butherford, Chadwick, and Ellis, “ Radiations from Radioactive Sub¬ 
stances,^* Cambridge, 1930. 

Ann. Reports, 1934, 


im., 1938. 
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Table II. conL 

3 Li’ f 2JELe* + y (49, 48) 

gLi’ 4- iH 2 .™-> 2 „He* 4- (49) 

jjLi’ -I -^ ^Be* j- oni~> 23 He* {- ( 68 ) 

jLi’ 4- iH 2 -jLis H- ,Hi (49, 59). Li« Be» 

,Li’ 4- 2 He^-> 3 B 10 + (98, 99) 

3 Li’ 4 - (excitation) (42) 

ft 

sLi’ 1 2 H 0 *-Beio -f (95). Be^^—Bi®? 

;Be» 1- y -^Be* -f - >2iio* 4 - (95) 

4 --> 4- y (98) 

-I ,Li« 4- 2 He^ (98) 

,Be» -I- ^ _|_ 4 . y (67) 

i iH2 -^ gLi’ 4 - iHe* (98) 

ft 

4 Be» 4 - iH2 -^ ^BeJo 4- iH^ (98). Be^® —^ B’® ? 

460 ® 4 jHe*- 3 C 12 -I- (98, 99, 57) 

^Bio 4 ^ni -^ 3 Li’ 4 aHe* (07) 


j^io 4 «n^ (98). 

4 -> 5B11 4 iHi ( 98 ) 

4 iH« --> 3 ,He* ( 98 ) 

«+ 



-NI 8 (98). -Ni®-^ -C^** 

4 y 4- iH^ (97) 

:LHe* (98) 

^Bes 4 gHe^-(98) 

4 4 y (50) 

4 (98) 

4 Be» 4 2 He* (98) 

4 (59). ,B^*^ C 


4 iH2 

4 iH2 

4 

4 iHi 

4 oH» 
4 «Ha 
,Ni* 4 .H* 

,N^* 4 aHe* 
4 2^6* 
301« 4 iHi 


.F» 4 on^ 

4 0 ^" 
4 iHi 
.F^* 4 

4 ,H* 

4 iH* 


—> ,Ni3 4 y (46, 46). eC^ 


-4 Nii 

120 sec. 


4 jHi (98) do. 

eCi» 4 y (98) 

,B^o ^He* (98) 

3 B 11 4 2 He (98, 99) 

. 4 sHe* (98) 

eO** + (50). 

. yNi* 4 (64, 56) 

- eC^* 4 aHe* (64, 66) 

. 3F-4onM41). I“t. 

. gO” 4 xH" (97) 

■ .F- + on^ (51). 2 F- aO- 

ft 

gOi® 4 iHi (59). ,0^® -gFi® 


gNi® 4 jHe* (65). 


ft 


loNeW 4 y (98) 
gOi« 4 aHe* (98) 

i,Ne«o 4. y (98) 

gO^’ 4 aHe* (98) 


9 sec. 


> 2H€* 
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Table II. conL 

+ .He* _> „Na« + .n* (38). „Na« ,.Ne« 

,F» + .He* —^ „Ne« + ,H* (97) 

„Ne»» + „ni -^ ,0” + .He* (66, 99) 

„Na“ + o«‘ —> uNa«* (69). „Na»‘ ,.Mg** 

„Na« + „n* —> .,Ne« + ,H* (69). ,„Ne« „Fa« 

„Na“ + iH* —^ i„Ne»» + ,He* (27) 

„Na" + .H« —> „Na»* + .H* (62). .,Na“ ..Mg** 

„Na“ + iH* —> i.Mg»* + „n» (62) 

„Na“ + ,H> ->. ..No«* + ,Ho* (62) 

,,Na“ + ,He*—^ ..Mg** + ,H* (97, 98) 
iiNa*» + ;He*-^ „A1** + „n* (98, 99) 

..Mg** + „n‘ —> ..Na** + ,H* (69). ..Na*‘ ..Mg** 

..Mg** + .H* —> ..Na*» + .Ho* (2) 

«+ 

..Mg** + ,H6‘-■> ..Si** + .n* (36). ..Si*’ —■> .,A1*’ 

..Mg** + ,Ho* —-> „A1*’ + .H* (97) 

,.Mg*» + .Ho*—> „A1*» + .H* (36). .,A1*» ..Sl*» 

..Mg** + ,n> -> ..Mg*’ (69). ..Mg*’ —.,A1*’ 


..Mg** + o«’ —^ loNe** + .He* (69). *«Ne*» —^ ,.Na*» 

“Mg** + .H* —^ ..Na** + .He* (2) 

i,Mg** + .He*-^ ,.A1** + .H* (36). .,A1** —..Si*’ 


.,A1»’ + „n* 
..Al*’ + „n* 


1.AI" + « 
..Al*’ + ,i 


..Al” + ,H* 
..Al*’ + .H* 


.,A1»’ + .He* 
..Al*’ + .He* 



..Al*» (69). ..Al** ..Si*» 

..Mg*’ + .H* (69). ..Mg*’ ..Al” 

..Na** + .He* (69). ..Na** ..Mg** 

..Mg** + ,He*(2) 

..Si** +.«*(!) 

.,A1** + .H* (1). .,A1*» Si*» 

..Mg** + .He* (1) 


.,P*» + o«M98). „P»* 

i,Si*» + .H* (97. 98) 


- >■ ..Si»» 

3-35 mtn. 


For elements of i? > 13, see Table HI, but also ; 
uSi« + 4- (34) 

,oCa** + .He* So** + .H*. ..Sc** „0a** (38) 

McMillan and E. O. Lawrence, Physical R&v,, 1936, [ii], 47, 343. 

S. Livingston, M. C. Henderson, and E. O. Lawrence, ihid.^ 1933, 
, 316. 
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Table III. 

Artificial Radioactivity prodiiced by Neutrons, 

Beference« not marked are to Fermi et al. (40, 69). The carrier of the 
activity and the half life are given. The mark * indicates that the activity 
is enhanced by water and is probably due to {n ; —) transformation. 


1 

H 



47 

Ag 

Ag 22 8.*, Ag 2*3 m. 

2 

He 



i 48 

Cd 


3 

Li 



49 

In 

In 54 m., In 3 h., ? 13 

4 

Be 





(Cf. 9). 

6 

B 



60 

Sn 


6 

C 



61 

Sb 

Sb 2*5 d. 

7 

N 



62 

Te 

Te* 45 m. 

8 

0 



53 

I 

I 26 m. 

9 

F 

Qi® 40 s., Ni« 9 s. 


54 

Xe 


10 

No 



; 65 

Cs 

Cs* 75 m. (7, 6) 

11 

Na 

Ne«8 40 8., Na24 15 h. 


i 56 

Ba 

Ba 80 m.. ? 3 m. 

12 

Mg 

No” 40 s., Mg” 10 

m.. 

67 

La 

1*9 d. (10) 


Na”]5h. 


68 

Co 


13 

Al 

Al” 2-3 m.. Mg” 10 

m., 

59 

Pr 

Pr* 19 h. (cf. 10) 



Na” 15 h. (cf. 97). 


60 

Nd 


14 

Si 

Si” 2*4 h., Al” 2*3 m. 


61 

,— 


15 

P 

Al” 2-3 m„ Si” 2-4 h. 


62 

Sm 

40 m. (cf. 10) 

16 

S 

P” 14 d. 


63 

Eu 

9*2 h. (10) 

17 

Cl 

Cl 35 m., P” 14 d. 


64 

Gd 

8 h. none (10) 

18 

A 



65 

Th 

3*9 h. 

19 

K 

K” 16 h. 


66 

I>y 

2*6 h. (10, 11) 

20 

Ca 

Ca 4h., 16h. (6) 


67 

Ho 

2*6 h. (10), 35 h. (11) 

21 

Sc 

K” 16 h. 


68 

Er 

7 m., 1*6 d., 12 h. (11) 

22 

Ti 



69 

Tu 

23 

V 

V” 3-75 m. 


70 

Yb 

3*6 h. (10, 11) 

24 

Cr 

3-75 m. 


71 

Lu 

4*0 h. 

26 

Mn 

Mn” 2-5 h., V” 3*75 m. 


72 

Hf 

Hf (months) (5) 

20 

Fe 

Mn®* 2*5 h. 


73 

Ta 


27 

Co 

Co*® 20 m.. Mn” 2*6 h. 

(4) 

74 

W 

W Id. 

28 

Ni 

Ni ( ? hr.), Co«» 20 m. (4) 

75 

Re 

Re 20 h. 

29 

Cu 

Cu 6 m., Cu 10 h. 


76 

Os 


30 

Zn 

Cu 6 m,, Cu 10 h., 

Zn* 

77 

Ir 

Ir 19 h., 3 d. 50 m. (12) 



100 m. (5) 


78 

Pt 

? (13) 

31 

Ga 

Ga 20 m. ? 23 h. 


79 

Au 

Au 2*7 d. 

32 

Ge 

30 m. ? 


80 

Hg 


33 

As 

As” 26 h. 


81 

Tl 

Tl* 97 m. (6) 

34 

Se 

Se 36 m. 


82 

Pb 


35 

Br 

Br 18 m., Br 4*2 h. 


83 

Bi 

Bi (6) 

36 

Kr 



84 


37 

Rb 



85 



38 

Sr 



86 



39 

Y 



87 



40 

Zr 

Zr 40 h. (5) 


88 



41 

Nb 


89 



42 

Mo 

30 m. 36 h. 


90 

Th 

1 m., 24 m. (cf. p. 25). 

43 

Ma 



91 


44 

Ru 

40 s., 100 s., 11 h., 76 h 

■ (8) 

92 

U 

16 s., 40 8., 13 m., 100 

46 

Rh 

Rh 44 s., Rh 3*9 m. 



(cf. p. 26). 

46 

Pd 

Pd, Rh, ? 16 m. 


93 



• I. Kurtschatov, B. Kurtschatov, L. Missovski, G. Schtschepkin, and A. 
Vibe, Compt. rend. Acad. Sci., U.R.S.S., 1934, 3, 422. 

• J. Kotblat, Nature, 1935, 186, 616; A., 1297. 

® G. von Hevesy and H. Levi, ibid., 136, 680; A., 678. 

• J. C. McLennan, L. G. Grimmett, and S. Bead, Nature, 1935, 185, 605; 
A., 678. 
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3. The P-Ray Disintegration. 

Not much definite progress seems to have been made in t/osting the 
theories of p-decay which were described in last year’s Report.^® 
The Fermi theory has been criticised theoretically by R. L. Dolecek,^® 
who develops a method allowing the calculation of the energy 
distribution of the p-electrons for any appropriate assumptions 
about the transfer of angular momentum from the nucleus to the 
emitted particles. He was unable to account for the shape of the 
P-ray energy distribution in the cases of the relatively heavy nuclei 
of potassium and rubidium, and supports the necessity for additional 
assumptions in the theory. E. J. Konopinski and G. E. Uhlenbeck^'^ 
introduce a new weight factor into Fermi’s treatment and find that 
the new distribution, which should hold strictly only for light 
nuclei, fits more satisfactorily to the experimental curves for the 
positrons from and the electrons from AF®. The experi¬ 

mental data were provided by the work of C. D. Ellis and W. J. 
Henderson and of A. J. Alichanov, A. J. Alichanian, and B. S. 
D^elepov,^® and the agreement between the results of the two sets 
of workers was not very good, though both show the asymmetry 
which is a characteristic of the modified theory. 

Much attention has been concentrated on the high-energy 
limit of the P-ray continua. The view was put forward by C. D. 
Ellis and N. F. Mott that the upper limit of the continuum 
represents the energy available for the p-ray in every case of a 
given nuclear transition. When a p-ray of lower energy is emitted 
the surplus energy is carried off by a neutrino.” This view has 
been supported by the experiments of W. J. Henderson,who used 

’ W. M. Latimer, D. E. Hull, and W. F. Libby, J. Amer. Chem. Soc., 1936, 
67,781; ^., 678. 

® I. Kurtschatov, L. Nemenu, and I. Solinov, Compt. rend., 1935, SOO, 
2162. 

® L. Szilard and T. A. Chalmers, Nature, 1935, 136, 98; A., 271. 

S. Sugden, ibid., p. 469; A., 569; J. K. Marsh and S. Sugden, ibid., 
186, 102; A., 1049. 

G. von Hevesy and H. Levi, ibid., p. 103; A., 1060. 

L. Sosnowski, Compt. rend., 1935, 800, 922; A., 678. 

Idem, ibid., p. 446; A., 426. Idem, ibid., p. 1027; A., 669. 

Ann, Reports, 1934, 81, 394. 

Physical Rev., 1935, [ii], 48, 13; A., 1048. 

1' Ibid., pp. 7, 107; A., 1048. 

Proc, Roy. Soc,, 1934, [A], 146, 206. 

Z. Physik, 1935, 98, 350; A., 426. 

Proc. Roy. Soc., 1933, [A], 141, 502; A., 1933, 1100; see also Ann. 
Reports, 1934, 81, 394. 

« Proc. Roy. Soc., 1934, [A], 147, 672; A., 275; of. P.C. Ho, Proc. Comb. 
PhU. Soc., 1936, 86, 119. 
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a coincidence Geiger counter in conjunction with a magnetic 
spectrograph to study the high-energy end of the thorium-(7 and 
-C"' spectra. He found that the energy changes in the branched 
processes 

Th-G' . 

Th-G Th-Z) 

'^Th-C" 

were equal if the upper limit were taken as the energy of the 
P-transformation and the y-ray energy properly allowed for. Ellis 
and Henderson studied the positrons from the artificial radio¬ 
active nucleus P^, using an absorption method, and they assume 
that the upper limit of the spectrum gives the difference in energy 
between the ground states of and its disintegration product 
Si®®, since no y-rays were emitted in the disintegration. This 
assumption can be checked by equating the energies in the two sets 
of processes : 

j3Ar-7 + gHe" == j^Si®® + 

13AI27 + -f 3^1 

uPSo = + c< 

It is therefore probably true that the Ellis-Mott rule holds for both 
heavy and light nuclei, electron and positron emission. H. R. 
Crane, L. A. Delsasso, W. A. Fowler, and C. C. Lauritson^^ drew the 
same conclusions by studying the electrons produced by bom¬ 
barding boron with deuterons : 

Bii + H 2 —B12 4- HI —^ C12 + c" + HI 

The masses are here determinable by other nuclear reactions, and 
the upper limit lies at about 11 M.E.V. 

The upper limiting energies have also been studied from the 
point of view of the empirical Sargent rule, 2 ® which connects the 
logarithm of the limiting energy with that of the decay period by 
one of two nearly linear relations. One of these is supposed to hold 
for allowedand the other for “ forbidden ” nuclear transitions. 

The theory was also tested by F. N. D. Kurie, J. R. Richard¬ 
son, and H. C. Paxton 2 ® with the electrons from radio-sodium, 
Na®^, and radio-silicon, and satisfactory agreements were obtained. 
The distributions obtained by Crane, Delsasso, Fowler, and 
Lauritsen 2 *^ for the electrons obtained on bombarding lithium and 

** Proc, Poy. tSoc.^ 1935, [A], 168, 714. # 

2 ® L. Meitner and R. Jaeckel, Z. Physik, 1934, 91, 493. 

Physical i?er., 1936, [ii], 47, 887. 

For a recent modification, see G. J. Sizoo, Nature, 1935,138, 142; A 1048. 

Physical Rev,, 1935, [ii], 48, 168. Ibid., 47, 971. 
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fluorine with deuterons also fit the relation for the energy 
distribution. The experimental data on the artificially active 
elements are conflicting. Alichanov, Alichanian,^^ and D^elepov,®® 
who have examined a number of elements, conclude that their results 
do not lit on the Sargent lines. An absorption estimate by 
Lawrence of the maximum energy of the P-particles from radio- 
sodiurn, Na^^ (1*2 M.E.V.), fits on the curve, and the results of Crane 
et al?^ for the short-lived products of bombarding lithium (probably 
Be^) and fluorine seem to fit fairly well. Kurie, Bichardson, and 
Paxton use a theoretical energy-distribution curve to estimate the 
end-points for C, Si, and Na. Na (2*1 M.E.V.) is in rather marked 
disagreement with LavTence, and does not fit on the curve; silicon 
seems to fit tolerably well. The unpublished results of R. Naidu and 
R. E. Siday for rhodium, silver, and fluorine agree with the rule, but 
silicon, dysprosium, and europium do not; the probable errors are 
large, however. It is clear that the experiments are still inadequate. 

The low-energy end of the p-ray spectrum of radium-iS^ has 
be'.en studied by H. 0. W. Richardson,^® who finds an unexpectedly 
large number of slow particles. It is uncertain how far these are 
of secondary origin. It has been pointed out that many modern 
views on the continuous p-spectrum require a neutrino to carry 
off unobserved a part of the energy, and a few further attempts 
have been made to detect this particle. H. A. Bethe has made a 
calculation of the ionising power of a neutrino possessed of magnetic 
moment, and in conjunction with the negative results of the experi¬ 
ments this shows that the magnetic moment cannot exceed 2 X 10"* 
Bohr magneton. 

4. The Positkon. 

The positron was treated rather fully in last year’s Report.®® 
Positrons have been found in the cosmic radiation; positron- 
electron pairs are created by the transformation of the energy of hard 
y-rays and perhaps fast electrons in the neighbourhood of an atomic 
nucleus, and they are annihilated by combination with an electron, 
with emission of radiation. During 1935, considerable attention 
was devoted to calculating the probability of production of a pair 
by interned conversion of a y-ray emitted by a nucleus in its own 

28 Nature, 19.35, 136, 257; 1935, 135, 393; A., 426, 1186; see also ref. (19). 

2® Loc. cit,, ref. (62). 

80 Proc. Roy. Soc., 1934, [A], 147, 442; A„ 1935, 6. 

81 J. Chadwick and D. E. Lem, Proc. Camb. Phil. Soc., 1934, 30, 59; A., 
1935, 276; M. E. Nahmias, ibid., 1935, 81, 99; A., 426; M. Wolfke, Bull. 
Acad. Polonaise, 1935, [A], 107 ; A., 911. 

88 Proc. Camh. Phil. Soc„ 1935, 31, 108; A., 420. 

8* Ann. Reports, 1934, 31, 397. 
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atom.^ Jaeger and Hulme calculate the internal conversion 
coefficient for element 84 for both dipole and quadruple transitions. 
There is in this ease a marked difference between the average 
energies of the positrons and electrons omitted, the former having 
greater energies, while for light elements there should be a symmetric 
distribution of energies between the particles. The number of 
conversions predicted is in. agreement with the results of A. J. 
Alichanov and M. S. Kosodaev on the emission of positrons from 
radioactive sources. H, J. Bhabha has calculated the probability 
of |3air production by collision of charged particles. 

The annihilation radiation due to the combination of an electron 
and a positron has been studied experimentally by O. Klemperer 
who used the positrons from artificially radioactive elements and 
detected the radiation with two Geiger counters in a coincidence 
circuit. He found that in the normal annihilation process two 
y-ray quanta are emitted in opposite directions. The energy 
available for each quantum is then me? ~ 0*5 M.E.V., and absorption 
measurements on the radiation were consistent with this. The 
annihilation has been dealt with theoretically by H. A. Bethe,^*^ 
who calculates that a fast positron has rather a high probability of 
being annihilated during its motion, the energy being usually 
emitted as a pair of quanta (cf. ref. 37). There is, however, an 
appreciable probability of a single-quantum annihilation in the 
neighbourhood of a heavy nucleus. The annihilation of slowly 
moving positrons takes place almost entirely with emission of 
two quanta. (This process is the one which would have been 
observed in I^Iemperer’s experiments.) 

The part played by the annihilation process in the anomalous 
hard scattering of y-rays is discussed by Bethc and by E. J. 
Williams®® and K. Tsu Tung.^® The present view appears to 
be that the hard scattered radiation contains a broad band due to 
annihilation, since the annihilation radiation carries off* the energy 
of motion of the positron as well as the annihilation energy itself. 
There is also present an important component due to the radiation 
emitted in the slowing down of Compton and pair electrons. 

M. E. Rose and G. E. Ulilenbeck, Physical Eev,, 1935, [ii], 48, 211; A., 
1187; J. R. Oppenheimer, ibid., 47, 144; A., 278; J. C. Jaeger and H. R, 
Hiohne, Proc. Roy. Soc., 1935, [A], 148, 708; A., 557. 

Z. Physik, 1934, 90, 249; A., 1934, 1160. 

** Proc. Roy. Soc., 1935, [A], 158, 559; cf. L. Nordheim, J. Phye. Radium, 
1936, [vii], 0, 135; A., 677; L. Landau and E. Lifschitz, Phyaikal. Z. Soviet- 
union, 1934, 6, 244; A., 677. 

Proc. Camh. Phil. Soc., 1934, 30, 347; A., 279. 

Proc. Roy. Soc., 1935, [A], 150, 129. »» Nature, 1935, 136, 266, 

Sci. Rep. Nat. Taing Hua Univ.^ 1935, 3, 85, 
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5. The Radioactivity of Potassium. 

The dkcovery of widespread neutron-induced radioactivity has 
enabled the problem of the natural activity of potassium and 
rubidium to be approached from a new angle. The activity of these 
elements is extremely weak, and it is now generally ascribed to 
rare isotopic constituents. Several papers have appeared in 
which the activities are ascribed to and Rb*®. These substances 
could have been formed in pre-terrestrial times by neutron bom¬ 
bardment of and Rb®^ and persist onl}^ in traces undetectable 
by the mass spectrograph. Von Hevesy finds that bombardment 
of scandium with neutrons gives by the transition + 

i decays with a 16-hour period and is 
excluded as the naturally occurring radioactive constituent. 
K. Sitte considers, on mass-energy grounds, that should 
show a positron activity as well as the p-activity, and since he 
detects no positrons, he ascribes the potassium activity to 
Von Hevesy, liowever, finds that the assumption of fits his 
data on the activity of the fractionated isotopes of potassium. 
Evidence for the existence of has recently been found with the 
mass-spectrogra))h by A. 0. Nier,^^ who finds K^: = 1:8600, 

and by A. K. Brewer,^^ who finds ^ 1:8300. Even 

assuming that the activity is due to a rare isotope, the persistence 
of the activity over very long periods cannot be connected with 
the energy of the p-rays by the Sargent relation.*-*^ Klemperer 
considers that probably has a large nuclear spin, and that the 
transition to is a kind of “ super-forbidden ’’ one for which a 
low probability is to bo expected 

6. The Penetrating Radiation. 

Nothing has been discovered during the year to disturb the 
conclusion that the primary cosmic radiation consists mainly, 
and perhaps entirely, of charged particles. W. F. G. Swann 
says that the variation of intensity with latitude, due to deviation 
in the earth’s magnetic field, indicates that at least 25% of 
tlie incident radiation is of charged corpuscular type, and that the 
observations of the east-west asymmetry of the radiation in the 

O. Klemperer, Proc. Roy. Soc., 1935, [A], 148, 638; G. von Hevesy, 
Nature, 1936, 136, 96; A., 276; A. Ruark and K. H. Fussier, Physical Rev., 
1935, fii], 48, 151 ; A., 1185; F. H. Newman and H. J. Walke, Nature, 1935, 
185, 98, 508; A., 677; Phil. May., 1935, [vii], 19, 767; G. von Hevesy, 
Nnturwiss., 1935, 34, 583. 

« Nature, 1935, 136, 334. « Physical Rev., 1935, [ii] 48, 283. 

** Ibid., p. 640. Cf. C. Hurst, Nature, 1935, 135, 905. 

Physical Rev,, 1935, [ii], 48, 641. 
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equatorial region brings this value up to 31%. A. H. Compton,^’ 
relying largely on a balloon measurement of the cosmic rays in 
equatorial Java,^^ considers that at least 97% of the rays are 
charged, and an extrapolation of the data to the top of the atmo¬ 
sphere indicates that 99% are charged. Analyses of the general 
nature of the rays have been made by Compton and by Swann. 
Compton attempted an analysis of the rays, starting with the 
intensity-height data obtained on balloon flights. When allowance 
has been made for the isotropic incidence of the rays on the top of 
the atmosphere, these curves show kinks which are interpreted as 
due to the successive removal of groups of particles of finite range. 
An application of the theory of the magnetic deviation of the particles 
in the earth’s field gives the minimum energy which the particles 
must possess to reach the earth’s atmosphere at all. Combining 
these data, and assuming (rather uncertain) relations between the 
range and energy of different kinds of fast particles, Compton 
ascribes one of his range groups to a-particles, one to electrons, and 
one to protons. The showers of particles detected with counter 
arrangements and in the Wilson chamber are regarded as produced 
by a secondary radiation. A difficulty in the theory lies in the fact 
that protons have not been distinguished in Wilson chamber 
photographs at sea level, though they should theoretically be present. 

Swann considers that the charged particles w’^hich constitute the 
primary rays come right through the atmosphere; possibly not 
ionising directly, but producing long-range secondaries throughout 
their path. These secondaries are those observed in Geiger-counter 
measurements. The theory in this form gives an exponential law 
for the absorption of the measured radiation if we assume that the 
number of secondaries produced per unit length of primary path is 
proportional to the energy of the primary. The comparativel}^' 
small departures from the exponential law^ may be explained by a 
distribution of the primary energy. The fact, discussed below, 
that showers and bursts increase more rapidly with altitude than the 
general radiation, is explained on the assumption that, although 
secondary production in air increases linearly with the energy of the 
rays, yet secondary production in lead increases more rapidly than 
this. 

Extensive experimental work has been done on the cosmic 
radiation. The assumption usually made, that the coincidences of 
a set of Geiger-Miiller counters in line represent the passage of 

Guthrie Lecture, Proc. Physical Soc,, 1936, 47, 747. 

J. Clay, Phyaica, 1934, 1, 363. 

A. H. Compton and H. A. Bethe, Nature, 1934, 134, 134; see also ref. 

(47). 
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a single ionising particle through the system, has been checked. 
Absorption data for various materials have been obtained. 
Auger and his co-workers interpret their results as indicating the 
presence of a hard and a soft component which may perhaps be 
identified with protons and electrons respectively. 

An analysis by C. G. and 1). D. Montgomery shows that there is 
no sharp distinction between the “ showers ” which discharge Geiger- 
counter systems and the large Stosse observed in ionisation 
chambers. Unpublished work by W. Ehrenberg and by H. Car¬ 
michael also tends to this conclusion. Several sets of experiments 
show that showers and bursts increase more rapidly than the general 
cosmic radiation with increase in altitude,and unpublished 
work in an aeroplane by H. J. J. Braddick and C. W. Gilbert shows 
this very markedly. These experiments either demand a special 
“ shower-producing component of the radiations, or they are to 
be explained along the lines indicated by Swann. A very recent 
paper by C. G. and I). I). Montgomery ^ indicates that the rate of 
burst production varies differently with altitude for different 
materials, and this prodiices severe difficulties for the “ shower 
producing radiation ” hypothesis. New data on the variation of 
shower production with thickness of materia] have appeared.'*’^ 
E. C. Stevenson and J. C. Street have published photographs 
showing showers apparently produced in a lead plate by incident 
electrons. This is a new type of shower production, previous 
work having led to the conclusion that showers were always produced 
by a non-ionising radiation. T. H. Johnson has continued 
work on the directional distribution of the cosmic rays, finding 
an unbalanced positively charged (component of the incoming 
radiation. 

H. J. J. Braddick, 

J. 0. Street, It. H. Woodward, and E. C. Stevenson, Physical Rev,^ 
1935, [ii], 47 , 891; A., 1050. 

J. Clay, Physica, 1935, 2 , 645; A,, 1060; H. Tielsch, Z. Physik, 1934, 
92 , 589; A,, 143; G. Alocco, Nature, 1935, 136 , 96; A., 278; P. Auger, 
Compt. rend,, 1935, 200 , 739; A,, 560; P. Auger, A. Kosonberg, aud P, 
Bertein, ihid,, p. 1022; A., 560; P. Auger, L. Leprinee-Ringuet, and P. 
Ehrenfest, tKci., p, 1747; A,, 1050. 

Physical Rev., 1935, [ii], 48 , 786. 

B. liosgi and S. de Benedetti, Ric. Sci., 1934, 2 , 5, 95, 119; A., 804; 
E. C. Stevenson and T. H. Johneon, Physical Rev., 1935, [ii], 47, 578; 4., 
803; R. D. Bennett, G. S. Brown, and H. A. Rahmel, ibid., p. 437; A., 660; 
C. G. Montgomery and D. D. Montgomery, ibid., p. 429; A., 560. 

Ibid., 48 , 969. 

J. E. Morgan and W. M. Nielsen, ibid., p. 773. 

Ibid., p. 464. Jbid., p. 287. 



GENP^RAL AND PHYSICAL CHEMISTRY. 

1. Introduction. 

The choice of suhjec^ts in this Report has of necessity been dictated 
by personal, as well as by scientific, considerations. The chemistry 
of deuterium compounds continues to attract attention, and a report 
on this subject appears inevitable. The price of ‘"heavy water’’ 
has fallen so considerably during the current year as to make the 
substance a relatively cheap reagent. Attention may be called to 
two publications : a review, with about 400 references, by H. C. 
Urey and G. K. Teal,^ and a book by A. Farkas.*-^ The successful 
separation of deuterium has stimulated interest in other isotopes, 
and it is not improbable that waters enriched with H^ and with 
0 * ^ will shortly be available for experimental investigation. Mention 
must be made of the fact that the artificial radioactive isotopes of 
light elenients are already being used in the study of chemical and 
biological problems. 

Articles on aspects of specdroscopy have appeared in the two 
previous Reports : in the present Report the spectra of polyatomic 
molecules and of deuterium compounds are the main considerations, 
since important advances have been made in th(\se directions. 
The publication of two books on the subject likely to be of interest 
to chemists, by Frl. H. Sponer^ and by R. de L. Kronig,"^ must be 
recorded. 

Statistical methods for calculating thermodynamic functions 
have been known for some time, but only in recent years, as a result 
of developments in wave-mechanics and in spectroscopy, has it 
become possible to evaluate quantities of direct use to the chemist. 
The principles involved in the calculations have become especially 
important in the study of isotopic exchange processes and for theories 
of reaction velocity, and a report on the subject is overdue. The 
necessity for an annual report on chemical kinetics is obvious in 
view of the interest being taken in the subject by workers in such 
widely different fields of chemical activity. Two books on kinetics, by 

^ Rev. Mod. Physicsy 1935, 7, 34. 

* Ortho-Hydrogen, Para-Hydrogen, and Heavy Hydrogen,” Cambridge 
University Press, 1935. 

* “ MolekUlspektren,” Springer, Leipzig, 1935. 

* “ The Optical Basis of the Theory of Valency,” Cambridge University 
Press, 1935. 
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F. O, Rice and K. K. Rice,^ and by N. SemenofF,® have been published 
during 1935, and are likely to have an important influence. 

There has been no specific consideration of surface chemistry for 
some years, and consequently certain aspects are discussed in the 
present Report. The enunciation of a theory of optical rotatory 
power, by M. Born,’ which marks a definite advance, and the 
appearance of a book, likely to become a classic, b}^ T. M. Lowry,® 
during the current year, indicated that a short review of opti(‘.al 
activity, from the physical, rather than the organic, standpoint 
would not be out of place. Dipole-moment data have been used to 
determine the angles between the valency bonds, especially for 
ox^^gen and sulphur, but the situation has been confused : the 
introduction of new concepts has done much to clarify the position 
and it is now possible to consider the value and the limitations of 
the method. 

In conclusion attention may be called to the issue of a new journal, 
in English, French, and German, viz., the Acta Physicochimim, 
U.E.S.S. The Reporter feels that some apology is necessary for 
the omission of such topics as the quantum theory of vakmey, 
electron diffraction, photochemistry, the physical chemistry of 
surface films, and colloids, but these must be left for a subsequent 
occasion. S. G. 


2. Isotopes. 

Deuterium. — Scqxiration. The electrolytic method of preparing 
deuterium has continued to attract attention, because, not only is 
it still the best means of obtaining the heavy isotope of hydrogen, 
but also the separation involves matter of great theoretical interest. 
A number of arrangements have been described for carrying out the 
electrolysis,^ and although alkaline electrolytes have been mostly 
used, it appears that equally good results can be obtained with acid 

® “ Aliphatic Free Radicals,” Jolins Hopkins Press, Baltimore, 1935. 

* “ Chemical Kinetics and Chain Reactions,” Oxford University Press, 
1935. 

’ Proc. Roy. Soc., 1935, [A], 160 , 84. 

® ” Optical Rotatory Power,” Longmans, 1935. 

^ M. Harada and T. Titani, Bull. Chem. Soc. Japan, 1934, 9, 457; A., 
1935, 44; E. W. Washburn, E. R. Smith, and F. A. Smith, J. Res. Nat. Bur. 
Stand., 1934, 18 , 599; A., 1935, 175; P. Goldfinger and J. Scheepers, J. 
Chim. physique, 1934, 81 , 628; A., 1935, 311; B. Kamieiiski, Rocz. Chem., 
1934, 14 . 401; A., 1935, 311; W. G. Brown and A. F. Daggett, J. Chem. 
Physics, 1935, 8, 216; A., 723; H. C. Urey and M. H. Wahl, Physical 
Rev., 1935, [ii], 46 , 566; A., 1329; H. Erlenmeyer and H. Qftrtner, Helv. 
Chim. Acta, 1935, 18 , 419; A., 589. 
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solutions.^ The previous theoretical treatments ^ of the separation 
coefficient have been based on the view that an energy barrier pre¬ 
vents the passage of electrons from the cathode into the solution : 
it has now been shown that separation factors of the correct order, 
viz., 10 i: *'5, may be calculated by assuming the rate of production 
of gas on electrolysis to be dependent, at the current densities used, 
on the speeds of recombination of hydrogen and deuterium atoms, 
to form molecules, on the electrode.^ It is becoming increasingly 
evident that the differing experimental values for s obtained under 
apparently identical conditions are due to variations in factors not 
yet fully understood which occur during the process of electrolysis.® 
For different metals, s appears to vary from 2-7 to 17 : there is no 
obvious connexion between the separation factor and the over¬ 
voltage of the cathode. Anodic prepolarisation of the latter increases 
s, and addition of a-naphthaquinone decreases it. By raising the 
C.D., the value of s is generally increased, but this is not always 
the case.® A fundamental difficulty which may account for dis¬ 
crepant observations is the tendency towards the establishment 
of the equilibrium Hg + HDO^^HgO + HD, since this would 
lead to a factor of about 3*8 in every case. Slight variations in the 
catalytic activity of the electrode material for this process would 
bring about marked changes in the experimental results. 

As the deuterium content of the electrolyte is increased, s evidently 
tends towards the value required by the complete establishment 
of equilibrium, even at nickel cathodes. With only slightly enriched 
water, however, containing 1 part of deuterium oxide in about 3000 
parts, a factor as high as 1(K) has been claimed, based on the assump¬ 
tion that normal water contains 1 part of deuterium oxide in 5500. 
This result ® is of great importance, since theoretical considerations, 
in which the possibility of quantum-mechanical leakage through 
an energy barrier—^the “ tunnel effect ”— is neglected, lead to the 
expectation of a value of s less than 20, whereas much higher factors 
should be possible if “ tunnelling can occur.® Although some 

* A. I. Brodski et al., Compt. rend. Acad. Sci. U.R.S.S., 1934, 3, 615; A.f 
1935, 44. 

* Ann. lieporte, 1934, 31 , 20; W. W. Sawyer, Proc. Carnh. Phil. Soc., 1935, 
81 , 116 ; A., 456. 

* H. C. Urey and G. K. Teal, Rev. Mod. Physics, 1935, 7, 44; O. Halpem 
and P. Gross, J. Chern. Physics, 1935, 3 , 462; A., 1210; see also H. Eyring 
and J. Sherman, ibid., 1933, 1, 345. 

® Private communication from Mr, J. H. Wolfenden. 

* A. Eucken and K. Bratzler, Z. physikal. Chern., 1935, 174, 279. 

^ Ann. Reports, 1934, 31 , 16. 

8 M. P. Applebey and G. Ogden, J., 1936, 163. 

® C. E. H. Bawn and G. Ogden, Trans. Faraday Soc., 1934, 30 , 432; A., 
1934, 602. 
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authors regard this as one of the first proofs that the leakage 
effect is an important factor in the reactivities of hydrogen and 
deuterium atoms, the conclusion must, for the present, be accepted 
with reserve. The high factor is based on the supposition that 
normal water contains 1 part of deuterium oxide in 5500, whereas 
a value of 1 to 4500 for the isotopic ratio would give a normal 
factor.^ The proportion of 1 part in 9000 reported last year 
appears to be definitely excluded by the new work, and oven the 
proportions of 1 part of D^O in 5000 or 6000 obtained from density 
measurements and by the mass spectroscope may eventually 
prove to be too low : experimental work of high precision is clearly 
necessary. 

Further experiments on the fractional distillation of water have 
confirmed the possibility of enrichment in this manner.^'* Desorp¬ 
tion of electrolytic hydrogen from charcoal at liquid-air temperatures 
gives a 3- to 5-fold,and diffusion through palladium a 4-fold,^® 
enrichment of deuterium over that originally present. Partial 
separation of hydrogen and deuterium also results because of the 
preferential adsorption of deuterium oxide vapour by charcoal 
and by silica gel.^’ The claim has been made that, in spite of 
reports to the contrary,^® in the formation of crystal hydrates there 
is some selectivity in favour of deuterium oxide. 

Analysis. The thermal conductivity method for determining 
the deuterium content of hydrogen gas has been improved,^® per- 

J. Horiiiti and M. Polanyi, Acta Physicochimica U.R.S.S., 1935, 2, 522. 
(Mrs.) E. H. Irigold, C. K. Ingold, H. Whitaker, and R. Whytlaw- 

Gray, Nature, 1934, 134, 661; A., 1934, 1317. 

1® H. L. Johnston, J. Amer. ('hem. Soc., 1935, 57, 484; A., 590; A. J. 
Edwards, R. P. Bell, and J. H. Wolfendon, Nature, 1935, 135, 793; A., 841. 

1® W. Bleaknoy and A. J. Gould, Physical Rev., 1933, 44, 265; A., 1933, 994. 
1^ M. Harada and T, Titani, Bull. Chem. Soc. Japan, 1935, 10, 39, 41; A., 
458; W. N. Christiansen, K. W. Crabtree, and T. H. Laby, Nature, 1935, 135, 
870; A., 815; M. H. Wahl and H. C. Urey, J. Chem. Physics, 1935, 3, 411 ; 
A., I0G4; N. Morita and T, Titani, Bull. (Riem. Soc. Japan, 1935, 10, 257; 
A., 1087; P. Jaulmes, ('him. ct Ind., 1935, 33, 1045; B., 609; see also B. 
Kamieiiski, loc. cit., rof. (1). 

H. S. Taylor, A. J. Gould, and W. Bleakney, Physical Rev., 1933, [ii], 
43, 496; A., 1934, 1310. 

O. Luhr and L, Harris, ibid., 1934, [ii], 45, 843; A., 1935, 1336. 

A. King, F. W. Jamos, C. G. Lawson, and H. V. A. Briscoe, J., 1935, 

1545. 

K. Okabo, M. Harada, and T. Titani, BuU. Chem. Soc, Japan, 1934, 9, 
460; A., 1935, 48. 

H. Erlenrneyer and H. Gartner, Helv. Chim. Acta, 1934, 17, 970; A., 

1934, 1303; E. H. Riesenfeld and H. E. Riesenfeld, Ber„ 1934, 07, [B], 1659; 
A., 1934, 1327; see also Ann. Reports, 1934, 31, 89. 

H. Sachsse and K. Bratzler, Z. phyaikal. Chem., 1934, 171, 331; A., 

1935, 20. 



OLASSTOKB : ISOTOPES. 


43 


mitting of a precision of 0-02% with 0-5 c.c. of gas at 1 atm. Two 
new methods for estimating 1)/H ratios, depending on the measure¬ 
ment of the freezing point of water and on observations of its 
vapour pressure,*^ have been described. 

Exch(inge reactions. Studies of interchange reactions between 
deuterium and compounds containing hydrogen have been con¬ 
tinued, partly because of their general interest and partly in order to 
elucidate reaction mechanisms. Direct introduction of deuterium 
into benzene has been observed on shaking with 90% sulphuric 
acid of enhanced deuterium content: the significance of the result 
has been discussedExchange also o(‘(airs with methyl- and 
dimethyl-amine,^ as their hydrocdilorides, when dissolved in 
deuterium-enriched water, and (confirmation of the reaction between 
deuterium oxide in alkaline solution and acetylene has been claimed, 
although it has been stated that exchange does not occur.^^^ Slow 
exchange takes place between sodium acetate and deuterium oxide,^ 
and a rapid interchange between hydrogen peroxide and deuterium 
oxide has been observed; no reaction is noted when potassium 
hypo})hosphite is dissc^lved in water containing deuterium oxide.^^ 
Water obtained from the combustion of various carbohydrates, 
of natural origin, has been found to contain more deuterium than 
normal.2^ A number of hexoses and their glycosides, etc., have 
been observed to undergo isotopic exchange in 11—30% and in 
80—90% deuterium oxide; the results indicate that all the hydroxyl 
groups take part in the exchange.^’^ The investigation of the direct 
introduction of deuterium into acetone in aqueous alkaline solution 
has been the subject of further study, and the reaction resulting in 
the replacement of the first hydrogen atom is found to be pseudo¬ 
uni molecular with a high temperature coefficient.*^® Complete 
interchange between deuterium and the hydrogen in the NH3 groups 

O. Keiiz and K. F. Bouhooffor, Z. phyf<}kal. Chan., 1935,174, 559. 

C, K. Ingold, C. 0. Kaisin, and C. L. Wilson, Nature, 1934, 134, 734; 
A., 1935, 74. 

23 J. Horiuti and M. Polanyi, ihid., 1934, 134, 847; A., 1935, 74; C. K. 
Ingold, C. G. Kaisin, and C. L. Wilson, ibid., p. 847; A., 1935, 74. 

2 ^ P. Goldfinger and V. Lasarov, (Jompt. rend., 1935, 200, 1971 ; A., 905. 

2 ^ L. 11. Reyorson, ,/. Amcr. Chem. Soc,, 1935, 57, 779; *4., 713; L. H. 
Keyerson and B. Gillespie, ibid., p. 2250. 

2« R. P. Boll, ibid., p. 778; A., 713. 

2’ H. Erlenmeyer and H. Gartner, loc. cit., ref. (19). 

*2 T. Titani and M. Harada, Bull. Chem. Soc. Japan, 1935, 10, 205, 261; 
A., 944, 1212. 

W. H. Hamill and W. Freudenborg, J. Amef. Chem. Soc., 1935, 57, 
1427; A., 1212. 

J. O. Halford, L. C. Atideraon, J. R. Bates, and R. D. Swisher, ibid., 
p. 1663. 
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of motal ammines occurs when the latter are dissolved in water 
containing deuterium oxide.^^ Atomic deuterium enters into ex¬ 
change reactions with water vapour, ammonia, and acetylene, but 
not with methane,contrary to results previously reported.^® 
Catalytici exchange reactions between D2 between 

H2 and DgO on the surfaces of chromium sesquioxide, zinc oxide and 
chromite, alumina and platinised asbestos have been observed : the 
variation of the former reaction velocity with temperature on the 
jfirst catalyst has been determined approximately and the mechanism 
has been discussed.^ Methane exchanges with deuterium on a 
nickel catalyst at 184—305°, and ammonia similarly reacts with 
deuterium on a Fe-AlgOa-KgO catalyst at room temperature; the 
bearing of the latter observation on the kinetics of the ammonia 
synthesis is discussed. Benzene and deuterium oxide exchange 
readily at 200° on nickel-kieselguhr, the product consisting of an 
equilibrium mixture of various deuterobenzenes (see also p. 48). 
A serious source of error in exchange experiments has been indicated 
as being caused by hydrogen remaining adsorbed on quartz vessels 
and platinum wires even when apparently thoroughly out-gassed 
Properties. The melting points of hydrogen and deuterium have 
been determined as 13-95° and 18-59° Abs., respectively, and the 
corresponding heats of fusion are 28-0 and 47-0 g.-cals. The charac¬ 
teristic (Debye) temperatures, for C^,, of the solids are 91° and 89°, 
respectively.^® The heats of evaporation of liquid hydrogen and 
deuterium at 19-65° Abs., and the vapour pressures of o- and p- 
deuterium at 20-38° Abs., of o- and p-hydrogen at 17-13° Abs.,^^ 
and of n- and e-deuterium over the range 15—20-4° Abs.^^ have 
been measured. Differences in the properties of hydrogen and 

H. Erlenmoyer and H. Gartner, Helv. Chirn. Acta, 1934, 17, 1008; A., 

1934, 1321; H. Erlenmeyer and H. Lobeck, ibid., 1935, 18, 1213; A., 1332. 

K. H. Geib and E. W. R. Steacie, Z. physikal. Cham., 1935, 29, [B], 215; 

A., 1087. 

H. S. Taylor, K. Morikawa, and W. S. Benedict, J. Amcr. Chem. Soc., 

1935, 67, 383; A., 4:57. 

** H. S. Taylor and H. Dianaond, ibid., p. 1256; A., 1085. 

H. S. Taylor et al., he. cit., ref. (33). 

H. S. Taylor and J. C. Jungors, ibid>, p. 660; .4710; see also K. Wirtz, 
Z. phyaikal. Chem., 1935, [B], 30, 289. 

P. I. Bowman, W. S. Benedict, and H. S. Taylor, J. Amer. Chem. Soc., 
1935, 67, 960; A., 852. 

A. Farkas and L. Farkas, TransiFaraday Soc., 1935, 31, 821; A., 710. 

K. Clusius and E. Bartholom^, Phyaikal. Z., 1934, 36, 969; A., 1935, 
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K. Clusius, ibid., 1935, [B], 29, 159; A., 925. 

F. G. Brickwedde ,R. B. Scott, and H. S. Taylor, J. Chem. Physics, 1935, 
3, 663. 
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deuterium are attributed partly to differences in zero-point energies 
and partly to other factors.^® The heat capacities of o- and 
7 i-deuterium have been determined and the entropy of w-deuterium 
at 298-1° Abs. evaluated : the result is compared with that 

calculated from spectroscopic data by the statistical method, and 
the difference in the two values explained by the persistence of 
rotation in the solid state (cf. p. 88). The thermal conductivity,^^ 
volume coefficient of expansion,^® molecular diameterviscosity 
and rates of diffusion of deuterium gas through palladium and 
copper have been studied, and the results compared with those 
for hydrogen gas. The difference in adsorption of hydrogen and 
deuterium on various surfaces has been investigated from both 
theoretical and practical standpoints; one of the applications 
of the latter is in connexion with the reaction with ethylene. 
The ratio of the magnetic moment of the j)roton to that of the 
deuteron has been determined at 83^ 193°, and 293° Abs. by the 
method based on the rates of the paramagnetic ortho-para conversion 
of hydrogen and deuterium.®® Provisional mass-spectrographic 
values for the atomic weights of the two isotopes, based on have 
been published; accurate results are desirable, as they may help in 
the estimation of the deuterium oxide content of normal water. 

Deuterium oxide. The value of for pure deuterium oxide is 
now reported as 11071, which is lower than that previously 


*** K. Clusius and hi. Barthoiome, Nach. Gcs. Gottingm, Math.-phys. 

KL, 1934, [ii], 1, 1 ; Z. physikaL (^hetn., 1935, [/?], 29, 162; A., 573, 924. 
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J. B. M. Coppock, Trans. Faraday Soc.^ 1935, 31, 913; A., 1064. 
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1200; H. W. Melville and E. K. Kideal, Proc. Roy. Soc., 1935, [AJ, 153, 89; 
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Z. physikal. Chern., 1935, 174, 559. 
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accepted,^® the difference being probably due to the larger 0^® 
content: for water containing less than 1 part of deuterium oxide in 
2 X 10^, dl^o is 0-9999815. Measurements have been made of the 
heat capacities of liquid and solid deuterium oxide, of the heats 
of fusion and melting points of mixtures of light and heavy 
ice, of the heats of vaporisation and dilution,and of the vapour 
pressures of mixtures of liquid water and deuterium oxide. The 
general P-V-T relationships of solid and liquid deuterium oxide 
have been studied,and different forms of heavy ice identified. 
The differences in the thermal properties of water and deuterium 
oxide cannot be accounted for by their zero-point energies only; 
the importance of angular vibration or “ libration ” of the molecules 
has also been considered.®^ Observations have also been described 
of the refractive index,dielectric constant,®® surface tension,®® 
and critical temperature of liquid deuterium oxide, of its diffusion 
in ordinary water,®® of the diamagnetism of the liquid and solid 
states, and of the cell-dimensions of solid deuterium oxide. 

The ratio of the dissociation constants of deuterium oxide and 
water is said to be 0-16 to 1 at 21'', from measurements with cells 
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involving deuterium electrodes in deuterium chloride and sodium 
deuteroxide solutions. The dipole moment of the deuterium oxide 
molecule, measured either in the vapour state or in solution in 
benzene or dioxan,®^ is not more than 0*02 X 10“^® e.s.u. greater 
than for water, although a somewhat larger difference might have 
been expected theoretically.’^ A similar difference of 0 03 X 10"^^ 
e.s.u. exists between the dipole moments of ammonia and trideui^er- 
ammonia.’^ Freezing-point determinations of solutions of water 
and of deuterium oxide in dioxan indicate that the latter is slightly 
more associated in this solvent,’® and a similar conclusion is derived 
from the difference in the heat capacities of the liquids.” Replace- 
mtmt of HgO by DgO in binary systems with organic compounds, 
e,g.y phenol, acetonitrile, triethylamine, and propionic acid, raises 
the upper and depresses the lower consolute temperatures.’® 
Deuterium compounds. The absorption spectra of the bromides 
and iodides of hydrogen and deuterium have been studied, and the 
reason for the differences considered. The vapour pressures and 
boiling points (206*3^ Abs.) of the two bromides are identical, 
but the vapour pressure of deuterium iodide is slightly greater 
than that of hydrogen iodide, and the boiling point of the former 
(237-0'^ Abs.) is consequently 0-5° lower. The higher vapour 
pressure of the deuterium compound is probably due to factors 
different from those which result in its fluoride having a higher 
vapour pressure than that of hydrogen. According to an approxim¬ 
ate theoretical treatment,®^ the vapour-pressure curves of the 
corresponding hydrogen and deuterium comY)ounds should cross 
at some temperature : this is apparently often above the boiling 
point, and so the conditions under which the latter have the higher 
vapour pressure are not often observable. The transition point 
of sodium sulphate decadeuterate (Na28O4,10D2O) is 3448 

Pure hexadeuterobenzene ®® has been obtained by distilling the 

L. G. Groves and S. Sugden, J., J935, 971. 
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calcium salt of mellitic acid with calcium deuteroxide and also by 
applying the Friedel-Crafts reaction to benzene and deuterium 
chloride : it has f. p. + 6*8° and b. p. 79*4°, the corresponding values 
for benzene being + 5*5° and + 80-12°. These results agree with 
some previously published,but differ markedly from others in 
which the hexadeuterobenzene was made by passing dideuter- 
acotylene over a tellurium catalyst.®^ Octadeuteronaphthalene is 
said to be obtained as a by-product in the latter process.®® The 
exchange between benzene and deuterium oxide on a nickel- 
kiesolguhr catalyst, already mentioned (p. 44), has been used to 
prepare hexadeuterobenzene; if the mixed benzenes are separated 
after equilibrium is attained, and re-heated with pure deuterium 
oxide, it is claimed that hexadeuterobenzene of over 99% purity, 
0-9417, can be obtained after four operations.®’ Dideuteromalonic 
deuteracid, CD 2 ((' 02 l^) 2 > results from the action of deuterium oxide 
on carbon suboxide; on heating to 140—150°, trideuteracetic 
deuteracid, C 1 ) 3 *C 02 T), m. p. 15-75°, is obtained. The latter sub¬ 
stance is more volatile than acetic acid.®’ Catalytic reduction of 
linoleic acid with deuterium yields C : 7 : 9 : 10-tetradeuterostearic 
acid,®® and the addition of deuterium to cholestenone gives 4 : 5- 
dideuterocoprostanone,®-’ which has been used as an “ indicator ” 
in biological experiments. 

8olulio7is in heavy water. The conductivities of potassium 
chloride and of deuterium chloride in deuterium oxide are 17% 
and 26%, respectively, less than the corresponding values in water; 
the differences are chiefly due to a 23% increase in the viscosity of 
the solvent. Similar decreases in the conductivities of hydrochloric 
and perchloric acids in deuterium oxide solution have been noted 
The conductances of mixtures of the chlorides of hydrogen and 
deuterium are less than the expected values : the discrepancy can be 
explained by supposing that hydrogen and deuterium ions take part 
in Grotthuss conduction.^ The ratio of the dissociation constants 
of a weak acid in water and in deuterium oxide should be larger 
the weaker the acid.®^ The free energy of hydration of the hydrogen 
ion is stated to be greater in deuterium oxide than in water; a 
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similar difference is supposed to exist for hydrogen- and deutero- 
acids.^^ The potential of the quinhydrone electrode in OOOlJf- 
hydrochloric acid in deuterium oxide has been found to be 0*0345 
volt more positive than in water; the ratio of the products of the 
two dissociation constants in water to that in deuterium oxide 
is 3*84.®^ The cathodic overvoltage at mercury is greater for the 
liberation of deuterium than of hydrogen, as is to be expected; 
the temperature coefficient is greater for the former.®^ Observations 
have also been made with the dropping-mercury cathode in various 
solutions containing deuterium oxide.®® 

Kinetics, etc. The spectroscopy, reaction kinetics, and surface 
chemistry of deuterium compounds are mainly treated elsewhere in 
these Reports : mention may be made in addition of the following 
topics. Two papers dealing with the application of quantum 
mechanics to reactions involving hydrogen and deuterium have 
appeared, and a review article on the use of the latter in the study 
of acid-base catalysis has been published. The catalytic decomposi¬ 
tions of nitroamine by hydrochloric acid and of hydrogen peroxide ^ 
by the iodide ion are slower in deuterium oxide than in water, 
although for the latter reaction the energies of activation are the 
same for both media in spite of the differences in the zero-point 
energies of hydrogen peroxide and deuterium peroxide. The 
catalysis of HgO and D 2 exchange by enzymes has been investigated; ^ 
the enzymic fission of salicin by emulsin is 25% more rapid in 
deuterium oxide than in water.® The photo-oxidation of the iodides 
of hydrogen and deuterium shows that the reactions between H or 
D and oxygen are three-body processes, and ^’h+o,+o, ~ 1^d.| 

The rate of the mercury-photosensitised decomposition of acetylene 
is about 30% greater than for dideuteracetylene,^ and a similar 
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difference is observed in the combination of oxygen with hydrogen 
or deuterium in the presence of a-particles.® The rate of polymeris¬ 
ation of dideuteracetylene under the influence of a-particles is, 
however, the same as for acetylene.’ The decomposition of trideuter- 
ammonia, like that of ammonia, on a tungsten filament is approxim¬ 
ately of zero order, although the former reaction is the slower.® 
A comparison has been made of the rates of ortho-para hydrogen 
conversion and of the Hg + T >2 2HD reaction on a nickel catalyst: 
the mechanism of both processes is evidently the same.^ 

Other Isotopes. — Tritium. Graphical arrangements of the known 
isotopes of elements of low atomic weight indicated the possibility 
of the existence of an isotope of hydrogen of mass 3, now called 
“ tritium ” and given the symbol T. It was claimed that the 
presence of tritium oxide in water containing 2% of deuterium oxide 
could be detected by the magneto-optic method, but band-spectro¬ 
scopic examination showed that the upper limit of its concentra¬ 
tion was 6 parts in 10® of ordinary hydrogen; by the aid of the mass- 
spectrograph this limit was placed at 2 parts in 10^ as a maximum. 
Working with 99% deuterium oxide, G. Hertz has definitely proved 
the presence of tritium by its mass-spectrogram; the T : D ratio 
was 5 : 10®, indicating a pro 2 )ortion of 1 part, or less, of tritium in 
10® of natural hydrogen. Study of the impacts of high-speed 
deuterons on deuterium nuclei had indicated the occurrence of 
the disintegration D + H H + T, and the passage of a 
positive-ray discharge through deuterium is stated to result in an 
increase of the T/D ratio from 1/200,000 to 1/5000 : the absolute 
amount of tritium formed must, however, be very small. In spite 
of the apparent hopelessness of the task, 75 metric tons of water 
have been electrolysed down to 0-5 c.c.,^® which was found to contain 
1 part of tritium oxide in 4000 : the abundance of tritium in ordinary 
water is estimated as 7 parts in 10^®. Under the experimental 
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conditions, apparently nickel electrodes in alkali, the Dg-Tg separation 
coefficient is 2 0, in agreement with theoretical predictions.^'^ It 
appears probable that small quantities of water enriched with tritium 
will soon be available for experimental work. 

Oxygen and Nitrogen Isotopes .—Water containing in excess of 
the normal has been obtained by a diffusion method,^® and a slight 
enrichment has been observed in oxygen obtained from liquid air 
by the fractionation process;^® the difference^ of 1*4% in the 
vapour pressures of and has resulted in a partial 

separation by the fractional distillation of water.^i Decomposition 
of 30% hydrogen peroxide by colloidal platinum yields a gas with a 
016^018 ratio of 462 8 , compared with 426 ± 4 for the residue.^^ 

Conflicting reports on the efficiency of electrolysis in bringing about 
a concentration of have been published : in early work no 
enridiment was observed,but the reason for this is now apparent 
(see below). More recently the concentration of 0^^ in the residual 
water has been estaljlished,'^^ although the 8 ej)aration factor appears 
generally to be no more than 101 : the reduction of the volume of 
water 100 , 000 -fold by electrolysis increases the 0 ^® content of 
ordinary oxygen from 0-20 to only 0-22%.^^ A separation coefficient 
of 1*15 has been reported recently^® for the electrolysis of l*25iV’- 
sodium hydroxide with nickel electrodes, although a previous claim 
for a coefficient of the same order has now been revised 2 ® to 1*05. 
Assuming the rate-determining step in the separation of O 2 by 
electrolysis is the passage of a 0 ^®H or complex over or through 
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an energy barrier, a separation coefficient of 1—1*16 can be cal¬ 
culated according to the width and height of the barrier. The 
most favourable value would lead only to a four-fold increase in 
concentration of whilst the deuterium concentration in water 
was raised from 1 in 5000 to 100%. Such an enrichment would 
provide a tool of value to chemists, but it is doubtful if even this 
relatively low efficiency could be attained, especially as an alternative, 
approximate, calculation indicates a probable factor of 1-06 for the 
ratio of the rates of separation of O.i® and O.f on electrolysis.2*'’* 
Calculations by statistical methods (p. 70) of the equilibrium 
constant of the exchange reaction 2 H 20 ^^ (/) -f O.f “ 2 H 20 -^® (/) f 
O.f gives a value of 1012, implying an enrichment factor of 1-000 
at 25° : this equilibrium, which opposes the normal elec;trolyti(; 
separation, ^vill tend to be attained in the evolution of oxygon, 
and may explain the different electrolytic separation coefficients 
reported by different workers.^^ The equilibrium constant of the 
reaction (1) + ^ (1) + CO.f has been calculated, 

and the result shows that the carbon dioxide gas should always 
contain a larger proportion of 0^® than does the water : the theoreti¬ 
cal fractionation factor, i.e., the ratio in the gas to that in 

the water, of 1-047 at 0° has been confirmed experimentally.^® 
A counter-current process, based on the establishment of the 
equilibrium, for obtaining carbon dioxide enriched with 0^®, has 
been devised and is being tested. It is the use of carbon dioxide 
for the neutralisation of the alkali that had become concentrated 
on electrolysis, which was probably responsible for the failure to 
detect any change of 0^® in the early work mentioned above. 

An attempt has been made to concentrate by the fractional 
distillation of liquid ammonia : the results so far are not very 
encouraging, but they indicate that the method may be of some use 
for increasing the ratio.^^ 

Artificially-radioactive Isotopes. —Mention may be made of the 
use of these substances as indicators in chemical investigations. 
By taking advantage of the radioactivity induced in bromine by 
neutron bombardment, it has been shown that the bromide ion 
in sodium bromide undergoes exchange with elementary bromine in 
aqueous solutionIodine and sodium iodide exchange readily 
in a similar manner, as also does iodine with methyl and allyl 
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iodides; ethyl, w-propyl, ^'^opropyl, and methylene iodides and 
iodoform, however, exchange very slowly, if at all.^® Only the 
iodide ion of diphenyliodonium iodide undergoes exchange with 
iodine; the experimental results are used to throw light on the 
mechanism of the decomposition of the iodide in iodobenzene 
solutionThe rate of exchange of elementary iodine with the 
iodine in <9ec.-octyl iodide is equal to the rate of racemisation of the 
flj-iodide : the significance of this result is discussed elsewhere in 

these Reports (p. 96). A start has also been made in what is 
likely to be an important development, namely, the use of the 
radioactive isotoj)e in the study of metabolic processes.*^® 

S. G. 


3. Spectroscopy, 

Atomic Spectra and the Spectra of Diatomic Molecules. —In neither 
of these fields are there any striking advances to report. This is 
to be expected, since the fundamental and important steps in each 
were made several years ago, and all that remains is to fill in the 
gaps in our knowledge of the energy levels of the less common atoms 
and molecules. The results for atomic states have been tabulated 
in a book by R. F. JBacher and S. Goudsmit.^ Recently, interest 
has shifted towards the determination of nuclear magnetic moments 
from the investigation of the hyperfine structure of spectral lines. 
This has already been dealt with in last year’s Reports ^ and need 
not be repeated here, especially since it is only of secondary interest 
to chemists. The corresponding collection of results regarding 
the energy levels and electronic structure of diatomic molecules 
has just appeared in an excellent compilation by Frl. H. Sponer 
(see p. 39). For more general treatment, reference should be made 
to earlier Reports ^ or to the books of R. de L. Kronig ^ and of 
W. Jevons ^ and to the reports of R. S. Mulliken.® 

Spectra of Polyatomic Molecules. —It is here that the most interest¬ 
ing advances have been made from the chemical standpoint. Instead 
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of giving detailed results, it would appear more valuable, bowe>ver, 
to take stock of what has been done during the past few years, 
reviewing the principles and methods by which it has been accom¬ 
plished,'^ in order that limitations on future progress may be clearly 
reahsed. The polyatomic molecule may best be approached by 
considering what it has in common with, and wherein it differs from, 
the diatomic molecule. Just as the energy of a diatomic molecule 
may be divided into three (practically independent) parts, viz., 
electronic, vibrational, and rotational, so may that of a polyatomic 
molecule, and consequently the latter has three ilistinct 8])ectra : 
a pure rotation, a vibration-rotation, and an electronic spectrum. 
The differences between a diatomic and a polyatomic moleeult^ 
become evident as soon as wo consider th(^ structure of Jiny one of 
these three types. This follows since the expression for the energy 
of a polyatomic molecule is considerably more complicated than t hat 
for a diatomic molecule, as well as the selection rules governing its 
allowed changers. For example, a diatomic molecule has effectively 
only one moment of inertia, whereas the general polyatomic molecule 
has three different moments of inertia; the expression for the 
rotational energy in the first case is consequently very simple, 
while in the second case no explicit expression exists for the energy 
levels, although these can be com])uted. Again, the diatomic 
molecule has only one degree of vibrational freedom, or one funda¬ 
mental vibration frequency, w^hereas the polyatomic molecule of 
n atoms has, in general, — 6 fundamental freciuemnes with a 
set of selection rules governing the apjx^aranc^e of each in th(i different 
types of spectra. Finally, the electronic energy states of a diatomi(*. 
molecule are usually characterised by the associated resultant 
angular momentum about the internuclear axis, whereas in a 
polyatomic molecule these have to be specified through the symmetry 
and transformation properties of the associated wave functions. 
Nevertheless, the apparently hopeless complexity which such factors 
introduce into the spectra of polyatomic molecules has proved to be 
more capable of disentanglement than one would have at first 
supposed. 

Before passing to the consideration of the three main classes of 
spectra, it should be mentioned that these are all normally observed 
in absorption. In the case of the first two, however, they may also 
be obtained by scattering (Raman spectra),® although the selection 

’ D. M. Dennison, Rev. Mod. Physics^ 1931, 8, 280. Articles by R. Mecke, 
K. Teller, and O. Reinkober in the “ Hand- und Jahrbuch der Chemischen 
Physik,” 1934, Band 9/11; 0. B. B. M. Sutherland, “ Infra-Red and Raman 
Spectra,” Methuen, 1935. 

^ Ann, ReportB, 1934, 81« 21. 
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rules differ from those operative in absorption, and we shall have to 
(ionsider the relation between them more fully in what follows. 

A. Pure rotation spectra. For convenience in this and other sec¬ 
tions, wo shall immediately divide polyatomic molecules into four 
classes according to their degree of rotational symmetry. If the 
three moments of inertia are denoted by /a, /bj then there 
are four classes of molecules: (1) linear molecules, for which 

/a = /b, Iq “ ; (2) spherical molecules, for which /a ™ Ib — io 

(3) symmetrical top molecules, for which \ and (4) 

asymmetrical top molectiles, for which /a =*= Ib ^ Ic- The corre¬ 
sponding energy exx)ressions and selection rules have been collected 
in Table 1. By examination of this table and application of the 
appropriate selection rule, it is clear that the pure rotation spectrum 
of a linear polyatomic molecule is in no way different from that of a 
diatomic molecule. Next, we note that spherically symmetrical 
molecules (such as methane, carbon tetrachloride, etc.) have no 
pure rotation spectra. The absorption spectrum of a symmetrical 
top molecule is exac^tly like that of a diatomic molecule with a 
moment of inertia equal to that of the symmetrical top molecule 
perpendicular to its axis of symmetry. Thus, the spacing of the 
lines in the pure rotation spectrum of a symmetrical top molecule 


Table T. 


Rotational Energy Formiilce and Selection Rules for the Four Classes 
of Polyatomic Molecules. 

Selection rules. 


Class of 
molecule. 

Linear 

/a-/b;/c-0 


Expression for 
rotat ioiial energy, 

1 , 2 , . . . 


(a) (h) 

Infra-red Raman 

spectra. Spectra. 

^J^±l AJ-0, ±2 


Spherical 
Symrneti‘ical top 


8V^) No active 

J==U, 1, 2, . . . transitions 

iA/8> AJ-±1 
K<J; J-O, 1, . . . AiiT-O 


No simple explicit expression 
Asymmetrical top in terms of J, the quantum AJ == ± 1 
Ia4=Ib4=Io number for total angular 

momentum. 


No active 
transitions 

AJ=0,±l,d:;2 

AX-O 


At/ ™ 0, dz 1»i 2 


can yield no information regarding the moment of inertia about the 
symmetry axis (for A A 0 in the Raman spectrum too). The 
Raman spectrum is slightly more complicated, containing an 0 and an 
8 branch in addition to the usual JP, Q, and R ones. Although the 
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spacing of the lines is independent of /q, the intensity of the lines 
is a function of /o//a» and it is interesting to note that it has been 
possible in this way to confirm the flat pyramidal model of the 
ammonia molecule by a careful intensity measurement of its pure 
rotation Raman spectrum.^ 

The asymmetrical top molecule presents serious difficulties. The 
energy levels are characterised by the quantum number J of the 
total angular momentum. Corresponding to each value of J 
(1, 2, 3 . . .) there are 2J 1 sub-levels, the values of which may 
be computed by solving certain algebraic equations. As some of 
these equations will only admit of numerical (approximate) solution, 
it means that the moment of inertia must be known in order to make 
the computation. Usually a fair approximation to the values of 
the moments can be made from other evidence : the levels may then 
be computed and the agreement with observation tested. By a 
process of successive approximation, one finally arrives at values 
for the moment which give agreement with experiment. Such a 
procedure is extremely laborious and requires very accurate ex¬ 
perimental data before it can be applied. In fact, no asymmetrical 
top molecule has had its pure rotation spectrum analysed in this 
idealised way, although for the HgO molecule R. Mecke has shown 
that all of the known lines may be classified by treating the asym¬ 
metrical rotator as an imperfect symmetrical rotator.^® 

When one considers the experimental difficulties in obtaining this 
type of spectrum (under high resolution), it does not seem probable 
that it will ever become an important source of information for the 
structure of molecules. All of the information derivable can be 
obtained from vibration rotation or from electronic spectra, both of 
which are very much easier to observe. The only advantage of pure 
rotation spectra is their comparative simplicity, but as spectro- 
scopists become more experienced this will not count for very much, 
since the degree of resolution of lines obtainable in the near infra¬ 
red and the visible region is at present as high as or higher than that 
obtainable at longer wave-lengths. 

B. Vibration-rotation spectra. This is the class of spectra which 
has so far proved most productive of information about polyatomic 
molecules. Such spectra are not so complex as electronic, and yet 
yield just as much information as the latter do regarding the ground 
state of the molecule. Their investigation is almost a necessary 
preliminary to the study of electronic spectra, and certainly an 
invaluable concomitant. From their analysis, we can obtain the 
values of the fundamental vibration frequencies, the shape of the 

® C. M. Lewis and W. V. Houston, Physical Pev,, 1933, 44> 903. 

‘"Hand- und Jahrbuch der Chemischen Physik,’* 1934, Band 9/11. 
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molecule, its moments of inertia, and (in certain cases) the inter- 
nuclear distances. A detailed description of the method of analysis 
would not be of interest here, nor would the cataloguing of results 
for a large number of molecules. Such information is more con¬ 
veniently available elsewhere.What is important is to realise the 
general principles underlying these analyses, and to be able to 
estimate the limitations of such a method of investigating molecular 
structure. One is all too frequently confused by conflicting reports 
of the assignment of the fundamental frequencies of a molecule and 
of its form and moments of inertia. It is hoped that this report 
will give the reader some criteria which he may apply to the work 
on any particular molecule. 

Suppose we have given the fact that a molecule absorbs in the 
infra-red at wave-lengths corresponding to the frequencies vg, 
V 3 . . . . , and that it has Raman lines of frequency ; how 

do we set about determining any of the information just quoted ? 
We must first establish which are the fundamental frequencies and 
which are the combinations and overtones of them. This is done 
by the application of a judicious combination of semi-empirical 
rules, together with strict selection rules derived from a quantum- 
mechanical treatment of the problem. The first of these empirical 
rules concerns the magnitude of the frequency. Any molecule 
containing a hydrogen atom may be expected to have its highest 
frequencies in the neighbourhood of 3500 cm.-^. Any molecule not 
containing a hydrogen atom is very unlikely to have any fundamental 
frequency higher than 2500 cm.~^. This enables one immediately 
to put an upper limit on which of the observed frequencies may, 
or may not, be fundamentals. Certain authors have tended to 
carry this principle still further, and to associate definite fre¬ 
quencies in the molecule with definite linkages such as the C-H, 
0“H, C-C, C~S, etc. This is permissible only so long as it is clearly 
understood that it is at best a rough approximation to the truth. 
The C~H bond in a molecule cannot vibrate by itself and leave the 
rest of the molecule unaffected. The molecule must vibrate as a 
whole^ although it happens that for certain of the normal modes of 
vibration the motion is principally confined to, and determined by, 
the force constants of one particular bond or group. 

The next empirical criterion is that of intensity. It usually 
happens that the more intensely absorbed (or scattered) frequencies 
correspond to fundamental vibrations of the molecule. This, how¬ 
ever, is a rule which must be applied with even more caution than 

H. Sponer, Molekulspektren/’ Springer, 1935. 

W. F. Kohlrausch, “ Dor Smekal-Kaman FHekt,” Springer, 
1031; R. Mecke, in “The Structure of Molecules,’* Blackie, 1931. 
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the first. What exactly determines the relative intensities of 
fundamentals and their combinations is not yet clearly understood 
(for the selection rules give only those which are forbidden). It 
frequently happens that a fundamental is so weak as to be, to all 
intents and purposes, inactive,” although the selection rules give 
it as an “ active ” frequency. This is the case in water and 
probably in ammonia and phosphine.In other cases, e.gr., 
acetylene,the intensity of a combination band appears to be 
considerably greater than that of a fundamental. 

Another important fact is that combination frequencies are very 
seldom observed in tlio Raman spectrum. In the particular case 
of resonance ” with a fundamental, however, this no longer holds. 
Thus, in carbon dioxide the overtone of the perpendicular vibra- 

tion C 0) happens to coincide numerically almost exactly with 

the symmetrical vibration (O —C <-O); the result is that these 

two energy levels lose their individuality, a certain proportion of 
the molecules in each vibrating in the first fashion and the remainder 
in the second. Thus, instead of one strong Raman line appearing 
corresponding to the symmetri(;al vibration, and an extremely 
weak one corresponding to the overtone of the perpendicular 
fundamental, we obtain two Raman frequencies of comparable 
intensity lying very close together. This phenomenon is probably 
present also in carbon tetrachloride and in the methyl halides. 

Having made a provisional allotment of the possible fundamental 
frequencies, one next chooses the most likely model of the molecule, 
and tries to correlate the observed fundamentals with its normal 
modes of vibration, the latter being deduced by classical mechanics. 
In this, one may apply strict selection rules, for as soon as the model 
is chosen, and its vibrations determined, quantum mechanics yields 
selection rules predicting which vibrations arc active in absorption, 
and which in Raman scattering. These rules have been derived 
by several authors and are now conveniently collected in several 
places.^* They would take too long to reproduce here. It is 
sufficient for our purpose to know that they depend solely on the 

12 E. K. Plyler and W. W. Sleator, Physical liev„ 1931, 37, 1493; also 
ref. (26). 

1® J. B. Howard, J. Chem. Physics, 1935, 3, 207. 

A. Levin and C. F. Meyer, J, Opt, Soc, Amer,, 1928, 16, 137. 

E. Fermi, Z, Physik, 1931, 71, 250; D. M. Dennison, Physical Pev,, 

1932, 41, 304. 

J. Horiuti, Z, Physik, 1933, 84, 380. 

A. Adel and E. F. Barker, J, Chem. Physics, 1934, 2, 627. 

D. M. Dennison, Rev. Mod. Physios, 1931, 3, 280; L. Tisza, Z. Physik, 

1933, 82, 48. 
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symmetry properties of the molecules, and do not involve specific 
assumptions about their internal structure. We may, however, 
consider some of their more general aspects. The appearance of a 
frequency in the infra-red absorption spectrum of a molecule depends 
on whether there is associated with that vibration of the molecule 
a changing electric moment. For example, the symmetrical 
vibration (0 —> C <— O) of the carbon dioxide molecule will 
clearly be inactive in absorption, wliereas the unsymmetrical mode 
of vibration (0——C O—will be expected to cause a 
changing electric moment and so to be active. In the Raman 
spectrum, on the other hand, it is the changing polarisability of 
the molecule which is important in determining if it will scatter light 
involving a particular frequency; ® e.g., in the above two frequencies 
of carbon dioxide, the selection rules for the Raman spectrum will 
be the reverse of those for the infra-red. More generally, for a mole¬ 
cule possessing a centre of symmetry, the same frequency can never 
be active both in infra-red absorption and in Raman scattering. 
This is of great value in assigning the fundamentals of such molecules. 
For molecules which have not such a high degree of symmetry, 
the selection rules are more concerned with the “ character ’’ of the 
vibration, since, as the degree of symmetry decreases, one tends to 
get all frequencies active both in infra-red and in Raman scattering. 
The character ” of a vibration means those of its properties 
which do not depend on the particular force field in the molecule, 
but rather on its geometrical or symmetry properties, e.g., properties 
such as whether the vibration is single or degenerate; what the 
degree of degeneracy is in the latter c^ase; whether the vibration is 
such that the change of electric moment takes place only along a 
particular axis of symmetry in the molecule. The last is of great 
importance, since the rotational fine structure of a vibration band 
can differ profoundly according to the direction of vibration of the 
associated electric moment within the molecule. 

Although these selection rules will usually enable a definite model 
to be chosen for the molecule {viz., one having the required degree 
of symmetry) the final assignment of particular fundamental 
frequencies to particular modes of vibration can only be made 
completely certain by an examination of the rotational fine structure 
of some of the observed bands. So far, this is only practicable in 
absorption, since Raman scattering in the gas is too weak (with 
present methods) to give more than the central (Q) maximum of the 
band. Plven in absorption, we are seriously limited by the low 
resolving power of the spectrometer. Up to the present, the smallest 
line separation which can be resolved is of the order of 0*5 cm."^. 
To realise the full import of this limitation, it is necessary to con- 
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sider the rotational fine structure of the different classes of molecule 
in a little detail. 

Linear molecules. There are two types of band, and two only, ac¬ 
cording as the vibration of the electric moment takes place along, or 
perpendicular to, the symmetry axis of the molecule. The line spacing 
in each is the same and is given by in frequency units. The 

linear molecules for which it has been possible to resolve this spacing 
are carbon dioxide, nitrous oxide, hydrogen cyanide, and acetylene. 

It seems unlikely that many more complicated molecules can be 
investigated in this way since the spacing for nitrous oxide is 
already only 0-8 cm.-^. In cases of heavier molecules, however, it 
is possible to make an estimate of the moment of inertia by measuring 
the spacing between the intensity maximum of the P and the E 
branch of the band, which is given by the classical formula of Bjer- 
rum, {\/kT/l\)/n}^ This has been done for (carbon disulphide. 

Symmetrical tojy molecules. There are again two types of band. 
The first corresponds to vibration of the electric moment along the 
symmetry axis of the molecule, and resembles very closely the per¬ 
pendicular type band of a linear molecule. The spacing of the lines 
is given by and so gives no information about the moment 

of inertia /q. The other type of band associated with vibration 
of the electric moment perpendicular to the symmetry axis of the 
molecule is very complicated indeed, consisting of sets of overlapping 
bands. The spacing between the lines depends on both of the 
moments of inertia, and so, knowing from the parallel bands, 
one might expect the deduction of /c from the perpendi(;ular bands 
to be an easy matter. That this is far from being the case is due to 
two causes : first, the excessive number of lines makes them in¬ 
capable of resolution except in a few favourable cases (viz., where 
and secondly, the spacing (when it can be determined) 
is not found to be the same in the different bands. The latter 
phenomenon has long worried spectroscopists, and it is only in the 
past year that this difficulty has been completely resolved. The 
qualitative explanation was first given by E. Teller and L. Tisza, 
who showed that it was due to the imperfect coupling which may 
exist between rotation of the molecule and degenerate vibrations of 
this type in a symmetrical molecule. To put it very roughly, the 
vibration itself may have a characteristic angular momentum 
which can be coupled to that due to rotation of the molecule as a 

E. K. Plyler and E. F. Barker, Physical Rev., 1931, 38. 1827. 

Here k is Boltzmann’s constant, and T the absolute temperature. 

C. R. Bailey and A. B. D. Cassie, Proc. Roy, Soc,, 1931, [A], 132, 236; 
ibid,, 1933, [A], 140, 605. 

*2 Z, Phyaik, 1932, 78, 791. 
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whole. It is readily understandable that such a phenomenon 
would lead to anomalous spacings, as the couphng factor need 
not be the same for each mode of vibration. More recently, E. 
Teller gave a quantitative theory, in which he showed that although 
the spacings in the separate bands could not be predicted without 
a knowledge of the force constants controlling the vibrations, yet 
the sum of the spacings in all the bands was a function only of the 
masses and of the inter-nuclear distances in the molecule. 
Unfortunately, Teller’s work contained some errors, but M. Johnson 
and D. M. Dennison have finally given the simplest expression 
for the sum of the spacings in terms of the moments of inertia 
of the molecule. Thus, they were able for the first time to give 
accurately the moments of inertia of methane and the methyl 
halides. In cases where the moments of inertia are so large that it 
is impossible to resolve the individual rotation lines, a fair estimate 
of them may be obtained by a careful measurement of the separation 
and intensity of the two extreme maxima in the “ parallel ” bands.^^ 
Asymmetrical top molecules. For these molecules the position 
is not nearly so simple. Here, as we have said, there is no explicit 
expression for the rotational energy, but to each value of the 
rotational quantum number J there correspond 2J + 1 levels, and 
the selection rules governing transitions between all these levels 
cannot be given in a short space. The resulting band structure is 
extremely complex and apparently hopelessly irregular. However, 
given patience and a rough idea of the values of the moments of 
inertia, there is no reason why it should not be analysed and this 
has been accomplished successfully for water, 2 ® hydrogen sulphide, 
formaldehyde,^® and ethylene.^^ It will be noticed that each of 
these molecules contains at least one hydrogen atom, and it is very 
unlikely that any asymmetrical top molecule not containing a 
hydrogen atom will have its vibration-rotation analysed for a 
long time to come. The resolving power of present spectrometers 
will have to be improved by an order of magnitude before sufficient 
structure will bo obtained to justify an attempt at analysis. Yet 
the position is not so hopeless as this sounds, for, as in the other 
types of molecule, the contour of the unresolved band gives some 
guide as to its form.®® Thus, it appears that the contour of a band 

Loc. ciU, ref. (7). Physical Bev., 1936, 47, 93; 48, 868. 

S. L. Gerhard and D, M. Dennison, ibid., 1933, 48, 197. 

** R. Mecke, Z. Physik, 1933, 81, 313; R. Mocke and W. Baumann, ibid., 
p. 445; K. Freundenberg and R. Mecke, ibid., p. 465. 

2’ P. C. Cross, Physical Rev., 1936, 47, 7. 

H. H. Nielsen, ibid., 1934, 46, 117. 

R. M. Badger, ibid., 1934, 45, 648. 

D. M. Dennison, Rev. Mod, Physics, 1931, 8, 280. 
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which corresponds to a vibration of the electric momont along the 
greatest axis of inertia will exhibit a strong but rather broad central 
(Q) maximum together with symmetrically disposed minor (P and 
E) maxima. For a vibration along the middle axis of inertia, one 
would expect the central (Q) branch to be absent, while for a 
vibration along the least axis of inertia, a very sharp and well- 
defined Q branch is to be expected in addition to the P '' and E 
maxima. These qualitative rules are well exemplified in the spectra 
of water,hydrogen sulphide,ethjdene,^^^ and sulphur dioxide,®^ 
but attempts to apply them quite generally, e.g., to ozone and 
nitrogen peroxide,^® have led to difficulties. This is not surprising 
seeing that they are only an extrapolation from calculations on the 
possible transitions for J < 5. It may be that future theoretical 
work will lead to their being modified for heavier molecules. 

To sum up, it is now possible to determine the general form and 
fundamental frequencies of the simpler polyak)mi(5 molecules, 
and to assign each fundamental to a particular mode of vibration 
of the model. Only in the hydrogen-containing molecules (and a few 
linear ones such as carbon dioxide or carbonyl sulphide) does it 
seem possible to obtain accurate values of the moments of inertia 
without a great increase in resolving power of sj)ectrometers in the 
infra-red. The only obvious line of advance would be to observe 
overtones (instead of fundamentals), whicli fall in the photographic 
region. Unfortunately, it is just those molecades whose overtones 
have a measurable intensity in the photographic region, viz., the 
hydrogen-containing ones, which are already analysed. 

C. Electronic spectra. Although an immense amount of work 
has been done on the electronic spectra of polyatomic molecules, 
there is remarkably little which can be said to be of significance 
from the true spectroscopic point of view; in other words, very little 
of it can be interpreted to yield the energy states of the absorbing 
or emitting molecule. This is not surprising, since the theory of 
such spectra has only been developed in the last three years. The 
first step was made by li. S. Mulliken who showed how the elec¬ 
tronic levels may be classified by means of their symmetry properties, 

31 E. K. Plyler and W. W. Sleator, Physical Rev., 1931, 37, 1493; and 
ref. (26). 

33 A. D. Sprague and H. H. Nielsen, ibid,, 1933, 43, 376. 

3® A. Levin and C. F. Meyer, J. Opt. Soc. Amer., 1928, 16, 137. 

^ C. R. Bailey and A. B. D. Cassie, p7vc. Roy. Soc., 1932, [A], 137, 622; 
C. R. Bailey, A. B. D. Cassie, and W. R. Angus, ibid., 1930, 130, 133. 

3® G. Hettner, R. Pohlmann, and H.J. Schumacher, Z, Fhysik, 1934, 91, 372. 

G. B. B. M. Sutherland and W. G. Penney, Nature, 1936, 135, 968. 

Physical Rev., 1932, 40, 56; 41, 49; 1933, 43, 279; J. Ohem. Physics, 
1933, 1, 492; 1936, 3, 376, 606, 614, 617, 564, 636, 720, 
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and by extrapolating from close analogies with well-known diatomic 
spectra. G. Herzberg and E. Teller, and others,^® have now con¬ 
sidered the selection rules which govern the associated vibrational 
transitions, while the rules for the rotational transitions follow 
readily from those applicable to vibration-rotation spectra. To 
go into all these matters in detail is impossible in the space allotted, 
and we reserve their discussion for a future Report. We can now 
only mention a few of the more successful attempts to apply and 
test the theory. 

The first electronic s])ectrum to be analysed was that of formalde¬ 
hyde. The rotational structure of several bands was analysed by 
G. H. Dieke and G. B. Kistiakowsky,®^ enabling them to give the 
moments of inertia of the molecule in the ground and excited states 
with considerable accuracy. The interpretation of the electronic 
transition and the deduction of the nature of the electronic states is 
due to R. S. Mulliken.'^® Another important success was achieved 
in the meth3d halides,although in this case the rotational structure 
cannot yet be satisfactorily resolved. E. Eastwood and C. P. Snow ^ 
have examined the spectra of a series of aldehydes; it appears from 
their results that these arc ]iot due (as was formerly supposed) to 
the excitation of an electron in the carbonyl bond, but to the 
excitation of one of the non-localised electrons of the carbon atom. 
They also obtained some rmnarkably Rim})le bands from acraldehyde, 
which could best be represented as isolated E branches fitting the 
usual parabolic formula. Unfortunately, these do not give consistent 
values for the corresponding ‘‘ moment of inertia and their 
explanation is at y)reRent obscure. Other molecules with which 
some progress has been made are 802,“^^ 

HCN, 4 « and 

There is one very important advance on the experimental side 
to be reported. This is the development of a new typo of Lyman 
continuum for the extreme ultra-violet by G. Collins and W. C. 

Z. physikal. Chan,, 1933, [fi], 21, 410. Also A. B. F. Duncan, J, Chem. 
Physics, 1935, 3, 384. 

Physical Rev., 1934, 46, 4. «« Ibid., 1935, 47, 413. 

Rofs. (38) and (40). 42 p^y. Roc., 1935, [A], 149, 434. 

43 J. H. Clements, Physical Rev., 1935, 47, 224; K. K. Asundi and R. 
Samuel, Proc. Indian Acad. Ret., 1935, 2A, 30. 

44 W. C. Price, Physical Rev., 1934, 46, 843; ibid., 1935, 47, 444; H. 
GOpfert, Z. wise. Phot., 1935, 34, 166. 

4® H. J. Hilgendorff, Z. Physik, 1935, 96, 781; see also refs. (38) and (44). 

4« A. B. F. Duncan, Physical Rev., 1935, 47, 822, 

4 7 Idem, J. Chem. Physics, 1935, 3, 384. 

48 W. W. Watson and A. E. Parker, Physical Rev., 1931, 37, 1013; and 
ref. (47). 

4» H. J. Hilgendorff, Z. Physik, 1936, 95, 781. 
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Price.®® As a result, W. C. Price lias been able to photograph 
absorption spectra of many polyatomic molecules as far down as 
300 A. He has found the very interesting result that most of the 
simple molecules exhibit bands in this region which can be arranged 
in Rydberg series. He has thus been able to find the ionisation 
potentials of several of the simpler molecules such as acetylene, 
ethylene, water, hydrogen sulphide, and the methyl and ethyl 
halides. 

Spectra of Deuterium Compounds ,—The early work on the spectra 
of deuterium and its simpler compounds has already been reviewed 
this report is accordingly confined almost entirely to work which has 
appeared during the past year. For the best documented and 
detailed report of the early work the review of H. (/. Urey and G. K. 
Teal is, of course, the standard reference. Work on the spectra 
of deuterium compounds has, roughly speaking, one of four objects 
in view : (1) the investigation of the accurate theory of the isotope 
effect in diatomic spectra and the elucidation of certain perturbation 
problems in such spectra, (2) the determination and assignment 
of doubtful fundamental frequencies in polyatomic molecules, 
( 3 ) the determination of internuelear distances in polyatomic 
molecules containing hydrogen, and ( 4 ) the determination of 
potential functions for polyatomic molecules. 

As regards (1), certain difficulties arose when it was found by 
W. Holst and E. Hulthen ^ that the “ B values ” (these define the 
spacing of the rotational structure of the band) did not have the 
expected ratio for AlH and AID. These authors explained this as 
due to the neglect of the moment of inertia of the electron cloud. 
R, de L. Kronig,®® however, gave an entirely different explanation 
based on the fact that a certain interaction term giving the reaction 
of the nuclei to the precession of the electronic angular momentum 
had been neglected. Unfortunately, Kronig’s theory cannot give 
the whole truth for, according to it, there should be no anomaly 
for DCl, LiD, or NaD. Now, although the first does xiot have the 
anomaly,®® the other two do,®'^ The whole theory has been carefully 
reviewed by G. H. Dieke,®® who has shown that Kronig’s theory 

Mev, Sci, Instr.f 1934, 6> 423. 

Ref. (44); J. Chem. Phyaica, 1936, 3, 256. 

Ann, Reports, 1933 and 1934. Rev. Mod. Physics, 1936, 7, 34. 

** Z, Phyaih, 1934, 90, 712. Phyeica, 1934, 1, 621. 

J. D. Hardy, E, F, Barker, and H. M. Dennison, Physiml Rev., 1932, 
42, 279. 

F. H. Crawford and T. Jorgensen, ibid,, 1934, 46, 746; E. Olsson, Z, 
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ihU., 1935, 47, 261, 
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(supplemented by corrections for anharmonic factors) will account 
completely for the isotope effect in the spectra of HD and Dg, but 
that it is not capable of explaining the defects of heavier molecules. 
Since then, more experimental work has been done,®^ and the im¬ 
portance of anharmonic corrections demonstrated.®® The complete 
theoretical explanation is still, however, some way from achievement. 

The determination and assignment of doubtful fundamental 
frequencies by means of the isotope effect is likely to become one, 
of the more important applications of the discovery of deuterium 
to spectroscopy. A very striking example is afforded by benzene, 
for which there has long been the anomaly that certain of the Raman 
frequencies appear to coincide with fundamental absorption fre¬ 
quencies in the infra-red. The apparent conclusion that the 
benzene molecule does not have a centre of symmetry has not found 
favour in view of the theory of resonance ” between possible 
Kekul6 structures. If, however, this coincidence of infra-red and 
Raman frequencies were purely fortuitous, then it would not be 
expected to occur for the isotopic form, hexadeuterobenzenc. 
Recent work here and in America,®^ although not yet final, all 
tends to show that the agreement was indeed fortuitous, and 
that benzene is symmetrical. Other applications towards the 
assignment and identification of fundamentals have been made in 
the cases of water,®® ammonia, phosphine,®^ and chloroform.®® 

In the third type of application we would mention the accurate 
determination of all the internuclear distances in the molecules 
acetylene,®® hydrogen cyanide,®^ methane,®® and ammonia.®®® 
The final and possibly most important application is in connexion 
with the determination of the most suitable potential function to 

F. H. Crawford and T. Jorgenson, Physical Rev., 1935, 47, 358, 932 ; W. W. 
Watson, ibid., p. 27; A. Guntsch, Z. Physik, 1935, 98, 534; B. Grundstrom, 
ibid., 1935, 95, 574; Y. Fujioka and T. Wada, Sci. Papers Inst. Phys. Chern. 
Res. Tokyo, 1935, 27, 210. 

P. G. Koontz, Physical Rev., 1935, 48, 138. 

W. K. Angus, C. R. Bailey, C. K. Ingold, A. H. Lockie, C. G. Raisin, 
J. W. Thompson, and C. L. Wilson, Nature, 1935, 185, 1033; 186, 680. 

R. B. Barnes and R. R. Brattain, J. Chem. Physics, 1935, 8, 440; R. W. 
Wood, ibid., 8, 444. 

C. H. Cartwright, Nature, 1935, 186, 181; R. Anonthakrishnan, Me 7 ri. 
Ind. Inst. Sci., 1935, 2, No. 21, 291. 

J. B. Howard, J. Chem. Physics, 1935, 3, 207. 

R. W. Wood and D, H. Rank, Physical Rev., 1935, 48, 63. 

G. Herzberg, F. Patat, and J. W. T. Spinks, Z. Physik, 1934, 92, 87. 

p. F. Bartunek and E. F. Barker, Physical Rev., 1935, 48, 516. 

N. Ginsbnrg and E. F. Barker, ibid., 1935, 47, 641; J. Ch&m. Physics, 
1935, 8 , 668. 

R. B. Barnes, Physical Rev., 1935, 47, 658; E, F. Barker and M. 
Migeotte, ibid., p. 702. 
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represent the force field controlling the vibration of the atoms in a 
polyatomic molecule. Many attempts have been made to do this,®® 
but none has been more than partially successful, since more con- 
stajnts are required to define the force field than there are frequencies 
by which to determine them. The introduction of a deuterium in 
place of a hydrogen atom leaves the force field unchanged (to the 
degree of approximation involved here) while yielding a new set of 
frequencies. The problem then is no longer indeterminate. Con¬ 
versely, any force field which was chosen in an empirical way to 
agree with the earlier data, may now be tested by seeing how well 
it predicts the frequencies of the deuterium compound. The 
genera] theory of the isotope effect has been given by several 
authors; applications have already been made to acetylene,’^ 
water,"^2 hydrogen cyanide,®’ ammonia,’® phosphine,®^ methane, 
and the methyl halides.’^ G. B. B. M. S. 

4. The Detekmination of Thermodynamic Constants from 
Spectroscopic Data by Statistical Methods. 

The energy of a molecule may be divided into two independent 
parts : one is concerned with translation only, and the other involves 
all forms of internal energy. The portion, due to translation, of a 
thermodynamic function, e.g,, entropy, total energy, or heat capacity, 
of any molecule in the ideal gaseous state is virtually the whole of 
the value for a monatomic gas. This problem has been treated by 
a number of authors,^ and the equation for the entropy of a mon¬ 
atomic gas—the well-known Sackur-Tetrode equation—may be 
written 

S ^ R[\n( 27 zkmTf'^qh^N + ... (1) 

See Ann, Reports, 1934, 31, 21; J. E. Rosenthal, Physical Rev., 1934, 45, 
426; 46, 730; ibid., 1935, 47, 235; G. B. B. M. Sutherland and D. M. Dennison, 
Proc. Roy. Soc., 1935, [A1, 148, 250; A. B. D. Oassie, ibid., p. 87. 

E. Teller, loc. cit., ref. (7); O. Redlich, Z. phyaikal. Chem., 1935, [B], 
28, 371; J. E. Rosenthal, loc. cit. 

G. B, B, M. Sutherland, Nature, 1934, 134, 775; W. F. Colby, Physical 
Rev., 1935, 47, 388; Y. Morino, Sci. Papers Inst. Phys. Chem. Res. Tokyo, 
1935, 25, 232; 27, 39 ; see also ref. (66). 

L. G. Bonner, Physical Rev., 1934, 46, 458; J. E. Rosenthal, loc. cit., 
ref. (69); R. Ananthakrishnan, loc. cit., ref. (63). 

M. F. Manning, J. Chem. Physics, 1935, 8, 136; see also ref. (64). 

M. Johnson and D. M. Dennison, Physical Rev., 1935, 47, 93; 48, 868. 

1 O. Sackur, Ann. Physik, 1911, 36, 958; 1913, 40, 67; A., 1912, ii, 145; 
1913, ii, 128; H. Tetrode, ibid., 1912, 88, 434; 1913, 89, 255; O. Stem, 
Physikal. Z., 1913, 14, 629; Z. EleUrochem., 1919, 26, 66; A., 1919, ii, 219; 
P. Ehrenfest and V. Trkol, Proc. K. Akad. Wetensch. Amsterdam, 1920, 28, 
162; Ann. Physik, 1921, 66, 609; A., 1920, ii, 738; L. S. Kassel, Chem. 
Reviews, 1936, in the press. 
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where B is the gas-constant, k the Boltzmann constant, m the weight 
of a single molecule, T the absolute temperature, V the volume of 
1 g.-mol. in C.C., h the Planck constant, and N the Avogadro number. 
This expression represents the translational entropy of any ideal 
gas, and for practical purposes at 1 atm. pressure, it may be put 
in the form 

- IR In if + IR In T - 2-300 ... (2) 

R is now expressed in calories, and M is the molecular weight of 
the gas. Similarly the translational energy of any gas has the 
value ^^RT per g.-mol., and the corresponding heat capacity is 
fi?; these results follow, of course, from the kinetic theory. 

For polyatomic molecules the portion of the various thermo¬ 
dynamic functions due to internal energy must now be considered.^ 
If the Maxwell-Boltzmann distribution law applies to a system, then 
the number of molecules in any state represented by is ^ 

Pi being the “ a priori probability ” or “ statistical weight ” of the 
ith state, A the number of molecules in the state of lowest internal 
energy, and £»• the internal energy per molecule in the given state, 
with reference to the lowest energy state.* The statistical weight 
represents the degeneracy, or multiplicity, of the energy level under 
consideration : in terms of wave mechanics it is the number of 
proper values (eigenvalues) which satisfy the wave equation for the 
molecule in the particular quantum state. Actually these values 
do not correspond to states of identical energy, but the differences 
are so small that they may be grouped together in one state with 
a probability p equal to the number of eigenvalues. In 1 g.-mol. 
of a gas the total number of molecules, i.e., the Avogadro number, 
is equal to the sum of the molecules in the various states characterised 
by t — 0, 1, 2, 3, ... ; hence N “ ALper^^^^, Similarly, 
the internal energy of all the molecules in a given state is 
and the total internal energy 1 g.-mol. of gas, with reference 

to the. zero state, is Combinmg this relationship with the 

equation for N, it follows that 

iS7°int. = Nl.zpe7^i^^l^pe-^f^^ = RT^ d In QjdT . (3) 

* The treatment given hero is essentially that of W. F. Giauque, J. Amer. 
Chefn, Soc., 1930, 62, 4808. 

♦ The convention adopted in the treatment given here is to take as the 
zero the energy of the molecule at rest and with vibrational and rotational 
quantum numbers equal to zero; t.e., the value of e is effectively the diflerence 
l^tween the total energy and the zero-point energy (the energy at 0® Abs.). 
It will be seen later (p. 70) that some authors take the molecule in its dis¬ 
sociated state, t.c., in the form of atoms, to represent the zero from which 
to take the c values. Whichever convention is adopted, the final result 
must be the same (compare R. H. Fowler, “Statistical Mechanics,” 1929, 
p ,26, footnote). 
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where Q is equal to and is known as the “ summation of 

state” or “state sum” (“Zustandsumme/’ Planck) or “partition 
function ” (Fowler). Strictly speaking, the equation given applies 
only if the Maxwell-Boltzmann distribution holds, and this is cer¬ 
tainly not the case for real gases, especially at low temperatures; 
the assumption of an ideal gas, however, permits the use of the 
classical law, and in any case at appreciable temperatures the 
Bose-Einstein and Fermi-Dirac statistics lead to the same result.® 
The differentiation of with respect to temperature gives 

an expression for the heat capacity of a perfect gas due to internal 
degrees of freedom,^ thus 

ilFAnJ, 

(IT 


Alternatively, this equation can be written ^ 



zc 


RT^ 




where ==r. kTHdQ/clT); ZC 2k^T^dQldT) + 

k^T^d^Q/dT^). 

By making use of the definition of internal entropy in the form 
dSi^t, = ^iut. ^^InT, it follows that the entropy® due to internal 
degrees of freedom is given by 

SAt --- B[\n Q + T d In QldT] .(7) 

- i?[ln A 4 - {llkT)(ZBlZA)] .... (8) 

--- i?[ln + Zzper^/^^/kTZj)e~^^^^] . (9) 

From any of these equations it is possible to calculate the internal 
entropy of an ideal gas, and the addition of the translational entropy, 
equation (2), gives the value of the total entropy at atmospheric 
pressure. If necessary, a correction can be applied for deviations 

® W. F. Giauque, loc. cit. ; G. N. Lewis and J. E. Mayer, Proc. Nat, Acad, 
ScL, 1929, 15, 208; A., 1929, 648; W. H. Rodebush, Chem, Pevi&we, 1931, 
9, 319; H, L. Johnston and M. K. Walker, J, Amer. Chem, Soc,^ 1933, 55, 
182 (footnote). 

* Cf. F. Reiche, Ann. Physik, 1919, 58, 657; H. C. Urey, J, Amer, Chem, 
Soc., 1923, 45, 1445; A., 1923, ii, 533; R. C. Tolman and R. M. Badger, 
ibid., 1923, 45, 2277; A„ 1923, ii. 830; H. C. Hicks and A, C. G. Mitchell, 
ibid., 1926, 48, 1520; A., 1926, 784. 

® H. L. Johnston and A. T. Chapman, ibid,, 1933, 56, 153; A., 1933, 229. 

• H. C. Urey, loc, cit,; R. C. Tolman and R. M. Badger, loc, cit.; H. C. 
Hicks and A. C. G. Mitchell, loc. cit. 
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from ideal behaviour, but this is quite small, especially at temper¬ 
atures high enough to be of chemical interest."^ 

The free energy F° in the standard state, i.e., ideal gas at 1 atm. 
pressure, may be expressed 

+ RT - T.r .... (10) 

where and S'" refer to the total energy and entropy, respectively, 
including the translational terms. The total energy E''" must also 
include the energy of the gas at assumed zero state, i.e., the zero- 
point energy {Eq^), in addition to the energy of translation 
and the internal energy obtained from equation (3). It 

follows, therefore, that 

F° - iV -- - '!rRT\nM - .^/fTlnT - RThiQ [ 7-2()7T (11) 

By combining the F"^ — Eq values for resultants and reactants, 
it is possible, provided Q be known, to determine — Eq) for 
a chemical reaction, and this is related to the thermodynami(5 
equilibrium constant. By definition, in this case, — -- RT In 
with pressures in atms,, and hence 

~ A(F" - Eq^^) - RT In H AAV • • (1-) 

The calculation of A"p for a reaction involves a knowledge of 
— I^(F^ — Eq^) for the substances concerned in the process, 
evaluated from equation (11), and of AAV reaction as a 

whole. The latter quantity may be determined by combining 
appropriate spectroscopic data for heats of dissociation, since these 
are values for the lowest energy level, or by means of the zero- 
point energies of the molecules, including aU modes of vibration, 
also obtained from band spectra. The for an atom must bo 
stated on the basis of the assumed energy zero as a molecule. 
Alternatively, if A£f°, the heat of reaction at constant pressure, is 
known, then since W ™ E"^ -f RT, it can be readily shown, by means 
of equation (10), that 

AAo° - Aiy° ~ A[|AT + RT^{dInQIdT)] . (13) 

The factor -f 7-267 in equation (11) arises, as may be seen from 
a consideration of this and equations (1) and (2), from the term 
E In (2T:klh^N)^^^kla, where a is the normal atmosphere in dynes per 
sq. cm., i.e.y 1-0132 X 10®, and if this is introduced into equation 
(11) it becomes 

F^ - Eq^ - - at In [Q(2TtrnkTlh^)^f^kTla] . (14) 

’ See, e.g., W. F. Oiauque, J. Amer. Chem. Soc., 1930, 52, 4822; A. R. 
Gordon, J. Chem. Phyaice, 1933,1, 308. 
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A further obvious modification leads to 


. (15) 

- ET]nG(kTla)* .(16) 


where G is equal to the term in the square brackets. For any 
reversible chemical reaction aA -f 5B . . . niM + riN . . . , 
it is evident, since AF"" " — In Kp that 


K 


V 


G^^ X X . . 

'G^^G^ x" / 


X {hT\aY . 


(17) 


where v = (m + ri + . . .) — (a + 6 4 . . .). Some authors omit 
the factor {kTjay, thus giving Kc with concentrations expressed in 
molecules per c.c., whereas others omit a only, which gives Kp 
with pressures in dynes per sq. cm. instead of in atmospheres. If v 
is zero the A^’s are, of course, all identical. The quantity G, which 
may be regarded as the complete partition function of any molecular 
species under given conditions, is made up of three separate terms. 
The portion ('ZitmkT is effectively the partition function for 
translatory motion with three degrees of freedom,® and Q is the 
function for vibration and rotation, including nuclear-spin effects 
and internal rotation within the molecule; there still remains the 
“ zero-point ” factor If the zero of energy, for the purpose 

of calculating the vibrational and rotational partition function, is 
taken as the energy of the free atoms,® formed by the molecule when 
completely dissociated, at their lowest levels, then a quantity 
^-jco'isT actually becomes included in the vibrational function, Eq 
being the heat of dissociation of the molecule at 0"^ Abs. The energy 
term in the “ zero-point ” factor is altered by this same amount, 
thus leading to a value identical with G for the partition function.f 


* R. H. Fowler, “ Statistical Mechanics,” 1929, p. 114. 

® Idem, ibid; p. 103. 

* The corresponding equation for hydrogen given by E. Teller and B. 
Topley [J; 1935, 877) should not contain the Eq° term (private communication 
from Mr. B. Topley). The position of the large bracket also appears to have 
been misprinted. 

I The subjects of equilibrium constants and partition functions have been 
dealt with at length because of the apparent confusion facing a newcomer 
to the literature. Writers who employ Q generally use it in the sense defined 
above, and Q' is often used for X Q, but not consistently. H, C. 

Urey and D. Rittenberg (J. Chem, Physics, 1933, 1, 137) define Q without 
the zero-point factor, but H. C. Urey and G. K. Teal {Pei). Mod. Physics, 1936, 
7, 52) include it in some cases, although not in others. H. C. Urey and L, J. 
Greiff {J. Amer. Chem. Soc., 1936, 57, 321) define the “ summation of state,” 
given the symbol Q, to include the term, and use /, which is equal to 

OkT, as the ” distribution function.” The ” distribution function ” / of 
R. H. Crist and G. A. Dalin (J. Chem. Physics, 1934, 2, 736) is virtually 
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In order to apply the equations given above to evaluate thermo¬ 
dynamic constants, the essential point remaining is the determination 
of Q : to calculate this quantity the terms must be summed 

over all possible energy states of the molecule. The energy of each 
state can be obtained from spectroscopic data with the aid of the 
fundamental equation of the quantum theory, e ” Acv, but there is 
some difficulty in the assignment of the correct statistical weights 
(p ); it was the use of incorrect values which invalidated the earlier 
applications of some of the equations deduced here. The prin¬ 
ciples involved in the determination of the partition function, which 
are based on wave mechanics, may bo conveniently considered 
separately for (a) atoms and monatomic molecules, (6) diatomic, 
and (c) more complex molecules. 

Atoms and Monatomic Molecules ,—^The value of Q is given by the 
product of the function for nuclear-spin orientation and that for 
every possible electronic configuration. The nuclear-spin function 
is equal to the corresponding statistical weight, since e is zero, and 
is given by 2^ -f- 1, where 4 is the number of units of nuclear- 
spin momentum; this quantity represents the total number of 
possible orientations, having nearly the same energy, of the nucleus 
in a perturbing field. The p factor for each electronic configuration 
is + 1, where /,(= I ± s), which cannot be negative, results 
from the combination of the azimuthal quantum number (1) and the 
resultant spin ( 5 ) of the electrons; to obtain the partition function 
this weight must be multiplied by for the appropriate state, 
and summed over all possible configurations indicated by spectro¬ 
scopic data. This apparently impossible task is simplified by the 
fact that the quantity has a significant value only at temper¬ 
atures exceeding hc^jAk, where v in cm.-^ is the frequency separation 
of the given energy level above the ground level.Hence, it is 
only at high temperatures that any level other than the ground 
state (s “ 0) need be considered. With atomic hydrogen, for 


identical with our G, and so also, apparently, is the G of E. Teller and B. 
Topley (»/., 1935, 876), although the latter authors employ a different energy- 
zero convention. The partition function F employed by B. Topley and H. 
Eyring {J, Chem, Physics^ 1934, 217) is evidently times the product 

of Q and the translational factor; since ABq' is equal to this function F 

may replace G in the calculation of equilibrium constants. The partition 
function F used in chemical kinetics (see p. 94) is G with the zero-point 
factor omitted. 

10 H. C. Urey; R. C. Tolman and R. M. Badger; H. C. Hicks and A. C. G. 
Mitchell, locc, cit*, ref. (4); see also D. S. Villars, Proc, Nat. Acad. jScu, 1929, 
Ifi, 705; 1930, 16, 396; A., 1929, 1236; 1930, 1121. 

J. E. Mayer, S. Brunauer, and M, G. Mayer, J. Amer. Ohem. Soc., 1933, 
65» 37; A.f 1933, 218; H. Zeise, Z. Elehtrockem*, 1933, 89, 762. 
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example, is = and so the corresponding partition function is 
2; the electronic ground level (n ^ 1) is a singlet state with js — 
and since e = 0, the electronic function is also 2. Since no higher 
level need be considered, the complete partition function is 4, there 
being no vibrational or rotational energy for an atom. The nuclear 
spin of the chlorine atom is S-, and so the nuclear-spin function is 6; 
spectroscopic evidence indicates the ground state to be an inverted 

doublet, with js values of ^ for the lower and J for the upper 
level, the frequency separation being 881 cm.-^. The statisticjal 
weights for the two levels, i.e., 2/, 1, are 4 and 2, respectively, 

and hence the electronic partition function is 4 
the complete function for the atom is then obtained by multiplying 
by () for the nuclear spin. No other energy levels need be considered 
for all reasonable temperatures.^^ The ground level of normal 
atomic oxygon is an inverted term, the y,, values being 2, 1, and 
0, respectively, and the frequency separations 157-4 cm.*^ and 
226-1 cm.-^i; the electronic partition function is thus 5 d- 
+ ie -226 iAr/A:i’ temperaturcs it is also necessary to include 

the (X)ntribution8 for the two metastable levels consisting of ^Z >2 
and Wq terms, respectively. 8in(;e the oxygen nucleus has no spin, 
= 0, the complete partition function is the same as the electironic 
contribution.^^ The literature may be consulted for other oases, 
which present no novel features.^’'' 

Diatomic Molecules .—The Q value for a molecule containing two 
or more atoms involves summation over every possible electronic, 
vibrational, and rotational state; in general, electronic levels above 
the ground state need not be considered, for reasons already given. 
The multiplicity, if any, of the ground level must, however, be in¬ 
cluded. Most diatomic molecules have ground terms, and so 
there are no multiplet levels; nitric oxide, oxygen, hydroxyl, and 
the cyanide radical, amongst others, are, however, exceptional.^® 

The energy separation of successive vibrational levels is relatively 
small, and so it is necessary to sum the terms over several 

levels; unless approximation methods are used (see below), only a 
few of the lowest states are actually included, especially at low 

W. F. Giauque, J. Amcr. Chem. Soc.^ 1930, 52, 4816; A,t 1931, 204. 

13 p Giauque and K. Overstreet, ibid., 1932, 54, 1731; A., 1932, 
695. 

H. L. Johnston and M. K. Walker, ibid., 1933, 55, 187; A., 1933, 229; 
G. van Elbe and B. Lewis, ibid., p. 507; A., 1933, 350. 

16 p Giauque and J. O. Clayton, ibid., p. 4876; A., 1934, 135; H. L. 
Johnston and E. A. Long, J. Chem. Physics, 1934, 2, 389; A., 1934, 951; 
C. W. Montgomery and L. S. Kassel, ibid., 1934, 2, 417; A., 1934, 966; H. 
Zeise, Z. Elektrochem., 1934, 40, 665. 

W. Jevons, “ Band Spectra of Diatomic Molecules,” 1932, Appendix II, 
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temperatures. For example, with hydrogen it is only the lowest 
vibrational level (v ™ 0) which contributes appreciably to the 
partition function at temperatures below Abs.; even at 2000° 
Abs. only the first four levels (v = 0, 1, 2, 3) need be considered. 
With oxj^gen and nitric oxide, however, five levels must be included 
below 900" Abs., the number increasing up to 12 at 2000° Abs., in 
each multiplet.^^ 

Each rotational state has, in addition to the rotational degeneracy 
resulting from juic^lear spin, a statistical weight of 2J -j- 1, where 
J is the rotational quantum number. If the molecule has two 
similar nuclei with spin the total statistical weight of each rota¬ 
tional level in a S' state is obtained by multiplying the 2J -f 1 
value by the nuclear-spin factor l)(2h + 1), for even values of 
J (including zero), and by is (2/^ 1) for odd values of */, if the nuclei 

follow the Bose-Einstein statistics, but the factors are reversed 
if the Fermi-Dirac statistics are followed. Ordinary hydrogen 
obeys the latter statistics, and since even levels have p 

values equal to 2J f 1, and for odd levels they are 3(2t/ 1), 

resulting in the well-known alternation of the spectial lines, and the 
proportions of o- and p-hydrogen in the normal gas. Deuterium 
molecules, on the other hand, have 4 -- 1, and follow the Bose- 
Einstein statistics; hence the statistical weights for even and 
odd levels are 2(2.7 + 1) and 2J -j- 1 , respectively. 

The nuclear spin of the oxygen atom is zero, and consequently 
for the symmetrical molecule, the main constituent of oxygen 

gas, alternate rotational levels have statistical weights of 2J -j- 1 
and zero; only alternate rotational levels, for odd values of J, are 
consequently present, the normal state being and the Bose- 
Einstein statistics being followedThe components of the triplet 
term have been called the 7\, and coupling states (Hund's 
case-b). The coupling energy of the Eg state is about 2 crn.-^ 
(ca. 0 cals.): this amount is so small that all three states may be 
regarded as having the energy of the lowest level, i.e., e = 0. The 
value of J in calculating the rotational statistical weight is determined 
by the rotational quantum numbers, which are K -f- 1 , K, and K 1 , 
respectively, for the levels F^y ^ 3 ’ odd values of K 

being permitted ; the corresponding p values are, therefore, 2K + 3, 
2K + 1, and 2K — 1, where K has the values 1, 3, 5, etc. The 

C. O. Davis and H. L. Johnston, J, Amer. Chem. Soc,y 1934, 56, 1045; 
A.y 1934, 722. 

18 H. L. Johnston et aU ibid,, 1933, 65, 153. 172; A„ 1933, 229. 

18 U. N. Lewis and M. F. Ashley, Physical liev,y 1933, 837; H. C. Vrey 

and D. Kittenberg, J. Chein, Physical 1933,1, 137; A., 1934, 30. 

*8 W. Jevons, op. cit., p. 290, etc. 

0 2 
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rotational contribution to the partition function is then given by the 
three summations 

^2K + + s(2^ + + S(2A" - 

Jr «= 1,:{, 0 . . . A' = 1,3,0 . . . A => 1, 3,6 . . . 

In addition to the ground state, two excited states, viz., at 0-97 
e.v., and at 1()2 e.v., above the ground level, must be con¬ 
sidered; the formerhas a noticeable effect only at 1000° Abs., 
and the latter at 2500° Abs. 

If a diatomic molecule has two dissimilar nuclei, having spins 

and ig, the nuclear-spin factor, by which the 2J + 1 value for 
every level is to be multiplied, is (2^ -f + 1) to obtain the 

complete rotational statistical weight. For a molecule, the 
application involves no complications, but where other types of 
ground terms have to be considered the necessary factors must be 
included. Nitric oxide in its ground state is (Hund’s case-a 
coupling), with a frequency separation of about 120 cm.-^, which 
is too large to be ignored; for the lower level the smallest value of 
J, here also the effective rotational quantum number, is whereas 
for the upper level it is .1, subsequent values increasing in steps of 
unity. Except in S states, each rotational level is split into two 
slightly separated sub-levels, the phenomenon being known as A-type 
doubling.The frequency separation of the doublet is generally 
so small that the energies may be regarded as identical, so that the 
effect is merely to double the statistical weights. The complete 
rotational partition function for nitric oxide is thus : ^ 

2 X 3i:(2J + f- 2 X 3S(2,/ + 

. . . 

where 2 and 3 are the A-type doubling and the nuclear-spin factor, 
and zj and ej refer to the energies in the and the ^n.;? state, 
respectively, for various values of J. At 298*1° Abs., no more than 
three values of J need to be included in each sum. 

The hydroxyl radical has an inverted ground term, so that the 
is lower than the level; the separation of rotational states 
into A and B sub-levels, due to A-type doubling, is unusually large, 
and so, except at high temperatures, it is not sufficient merely to 
double the statistical weights as is the case with nitric oxide. The 
rotational partition function is therefore obtained as the sum of 
four 2I,(2J 4- terms, with different sets of zj values for the 

31 H. L. Johnston and M. K. Walker, J. Amer, Cham, Soc., 1933, 65, 172; 
A., 1933, 229. 

*3 Idem, ibid., 1935, 57, 682; A., 690. 

3* W. Jevons, op. cit., p. 126. 

3* H. L. Johnston and A. T. Chapman, J. Amer. Chem, Soc., 1933, 55, 
163, 229. 
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A and B rotational levels of each constituent of the doublet.^® 
The factor 2 is the nuclear-spin contribution, since ig is J for hydrogen, 
and zero for oxygen. 

Since the cyanide radical has a ground term, there is no 
A-type doubhng, although every rotational level is a duplet. The 
value of J for one set {F^) is equal to K f and for the other (i'2) 
it is iC — where K, the rotational quantum number, can have 
any integral value, including zero; when K = 0, however, the corre¬ 
sponding level is missing. The p values of the F^ and F 2 series 
are, therefore, 2K + 2 and 2K, respectively, each being then multi¬ 
plied by the nuclear-spin factor 3, since the spins of the carbon and 
nitrogen nuclei are 0 and 1, respectively. The complete rotational 
partition function for this radical is consequently 

3S(2A + 2)e-"W*^ + 

jr«: 0 ,1,2 ,8 . ., jr*= 1,2,3, 4 ... 

Energy Values .—In the early applications of the partition 
function for the determination of thermodynamic constants, the 
energies of the rotational levels were calculated from the actual 
frequencies of the spectral lines of the molecules concerned, the 
lowest rotational level in the v = 0 vibrational band being taken as 
the zero point. Recent analyses of band spectra, however, have 
permitted the expression of the frequencies of the lines of a given 
electronic level, for diatomic molecules, in the form of equations of 
the type 

V = V0 + i) ■“ • • * + BffJ{J + 1) 

+ + If + F^%J + If . . (18) 

where Vq is the electronic frequency-separation, the equilibrium 
vibration frequency, x the anharmonic vibration constant, and v 
and J (sometimes K) are the vibrational and rotational quantum 
numbers, respectively. The factors Bv and vary with the vibra¬ 
tional level according to the relationships 

B^ ~ Be — v.{v + i) + y(^ + \ f • • • 

D, - A + Hv + If + Hv + if . . . 

Be, De, and a, p, y, and 8 being constants for the electronic level, 
which are determined from the observed spectral frequencies. 
The quantity F,^ also depends on v, but as it is in any case very small, 

H, L. Johnston and D. H. Dawson, J. Armr, Che^n, Soc., 1933, 55, 2744; 
A., 1933, 1006. 

*® Cf. F. A* Jenkins, Y. K. Roots, and R. S. MuUiken, Physical Rev., 1932, 
89, 16; A., 1932, 145; see H. Zeise, Z, Ehktrochem., 1933, 89, 899. 

H. C. Hicks and A. C. G. Mitchell, loc. cit., ref. (4); W. F. Giauque and 
R. Wiebe, J. Ame.r. Chmi. Soc„ 1928, 50, 101; A., 1928, 228. 

*• W, Jevons, op. oiu. Chap. 11. 
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it may be assumed constant. The purpose of the correction factors 
is to allow for changes in the moment of inertia of the molecule in 
different vibrational levels, and for the interaction of vibrational 
and rotational energies. For a rigid molecule in which there is no 
interaction 1)^ and are zero, and is constant and equal to 
where 1 is the moment of inertia. By means of these 
equations the frequencies of all the rotational lines can be calculated 
and hence the total internal energy, including electronic and vibra¬ 
tional energy, of the corresponding levels can be determined; the 
value of t to be used in the partition function Q is then obtained by 
subtracting the energy for the lowest level [v 0, J ~ ()) in the 
ground state, i.e., the zero-point energy, — lxoig)hc,^ When 
spectroscopic*, measurements are relatively limited, it is often possible 
by means of the frequency equations to determine, with fair accuracy, 
the energies of levels giving rise to bands beyond the limit of actual 
experimental observation; such energies have frequently to be 
used in the calculation of thermodynamic quantities. 

Summation ,—In the determination of Q, the rotational portion, 
using the appropriate energies and statistical weights, is first deter¬ 
mined ))y summing the series for all possible rotational levels 
(see above) in the v — 0 vibrational level, for the ground state of 
the molecule. The process is then repeated for the v = J, 2, 3, 
etc., levels, as long as they contribute appreciably to the partition 
function. The same process is then carried out for every electronic 
state of relatively low energy separation, and the various sums 
added to give the complete state sum. Since the separations of 
successive rotational levels are relatively small, it is evident that, 
except at very low temperatures, such levels will contribute 
appreciably to the total partition function until high rotational 
quantum numbers are attained. With nitric oxide, for example, 
the rotational contribution becomes negligible only after 81 levels, 
in the ™ 0 state, at 1000° Abs., and 168 and 2(X) levels must be 
included at 2000° and 3000° Abs., respectively,It is evident, 
therefore, that the process of summation may become very tedious 
at high temperatures, where several vibrational, and possibly 
electronic, states must be included. Various methods have been 
employed for simplifying the labour involved : by means of appro¬ 
priate frequency equations, of the type of equation (18), the internal 
energy is expressed in the form of asymptotic series of exponential 
terms, and summation is replaced by integration; provided the 
temperature is not too low, the error involved in the determination of 
Q is negligible. The metho<l in its simplest form was first used for 

* The equation (18) for the frequency of spectral lines can be expressed in 
such a form as to give the required energy c directly. 
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rigid diatomic molecules,^® and was later modified to allow for 
non-rigidity in molecules having ground terms. It permitted 
the determination of the rotational partition function for a given 
vibrational state by summing a small number of terms in a series : 
the calculation had to be repeated for each vibrational level con¬ 
tributing materially to the total sum. Since the evaluations of 
entropy and heat capacity require a knowledge of the first and second 
derivatives of Q [equations (6) and (8)], these have also been expressed 
as a similar series which can be summed quite readily.If many 
vibrational levels have to be taken into account, then the summation 
is still laborious, although the work can be simplified by utilising 
the observation that the rotational function 4^rot., and its derivatives 
^Qrot.ldT and for one vibrational level v bear a constant 

ratio to the values for the v I level.^^ Further developments 
have eliminated even this summation, and have permitted the 
application of the mathematical methods to determine complete 
partition functions of ^11 and diatomic molecules,and even 
of polyatomic non-linear molecules (see below). By means of suit¬ 
able tables, based on the formuhe derived, tlie labour involved in 
the calculation has been considerably diminished. These tables, 
and formulae, apply only to unsymmetrical molecules in which there 
is no alternation in the statistical weights of odd and even levels, and 
they do not allow for nuclear spin : allowance can be made for 
both these factors, as will be seen later (p. 78). 

Approximation Methods .—If the different forms of internal energy 
of a molecule can be regarded as independent, the complete partition 
function can be taken as equal to the product of electronic, vibrational, 
and rotational functions, Qei., and Qrot., respectively, where 

C«i. = = -i>Tib ; Qnt. == 

and the complete partition function 

Q ^el. ^ 4^vib. X ^rot. 

In evaluating the separate terms, poi. he taken as equal to the 
multiplicity of the particular electronic state, provided the energy 

H. P. Mulholland, Proc. Cawb. Phil. Soc., 1928, 24, 280; G. B. B. M. 
Sutherland, ibid., 1930, 26, 402; A., 1930, 1244. 

»o Giauque and R. Overstreet, Zoc. cit.y ref. (13); L. S. Kassel, J. 

Chem. PhyaicBy 1933, 1, 576; A.y 1934, 31. 

H. L. Johnston and C. O. Davis, J. Amer. Chem, Soc.y 1934, 66, 271; 
A.y 1934, 354. 

** A. K. Gordon and C. Barnes, J. Chem. Physics, 1933, 1, 297; A., 1934, 
31; L. S. Kassel, Zoc. cit., ref. (30); Physical Bev., 1933, 43, 364. 

A. R. Gordon and C. Barnes, loc. cit.; L. S. Kassel, locc. cit.; E. E. 
Witmer, J. Chem. Physics, 1934, 2, 618; A., 1934, 1165; see also C. Gregory, 
Z. Physik, 1932, 78, 791; A., 1933, 16. 
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of separation of the multiplets is not large, and Sei., the corresponding 
energy of the level above the ground state, determined from the 
value of Vq in equation (18). In the ©^ib. term, p^ib. is always 
unity for a diatomic molecule; e^ib. b© taken as being the same 
in all electronic levels, and equal to above the zero-point 

energy, neglecting the anharmonicity constant, where coq is the 
equilibrium frequency in the ground state. The vibrational 
partition function is thus given by the expression 

Qyib, ~ £f-heo>i>vlkr _ (1 _ 

t !=-0 

Since the rotational and vibrational energies are assumed independ¬ 
ent, the molecule may be taken as rigid and the moments of inertia 
constant; the rotational energy of such a ^13 diatomic molecule may 
then bo written J(J + l)/^^/87r^/, and consequently 

Qrot. = 2(2J + 

J = 0 

where o = K^jSnHJcT. In this equation the nuclear-spin factor is 
neglected, and it is also assumed that the molecule is heteronuclear, 
so that there is no alternation in the p values for successive rotational 
levels. If <j is small, i,e,^ for relatively high temperatures, and 
especially for molecules having small moments of inertia, the sum¬ 
mation can be replaced by integration,with the result that 
Grot. = 1 h- For molecules in other than states, analogous 
approximate values for the rotational function, applicable at 
appreciable temperatures, can be deduced; if necessary, the effect 
of A-type doubling must be included by means of a factor 2, 
the frequency separation being ignored. Allowance for multi¬ 
plicity due to nuclear spin is made (p. 74) by multiplying Q^ot. by 
(2r, 4* l)(2i+ 1) for a heteronuclear molecule. 

If the molecule has two identical atoms, the effect of nuclear 
spin should be obtained by multiplying the odd and even terms by 
is(2ig + 1) and {ig + l)(2^, + 1), as already explained (p. 73). 
In the summation of the (2J + terms over all values of 

J from 0 to 00, it can be shown that, provided a be small, the sum of 
the terms for which J is even is equal to that for the terms with odd 
J values.^® The inclusion of the nuclear-spin factor is consequently 
equivalent to multiplying the Qrot. obtained above by (2t, + 1)^/2; 
for hydrogen this correction factor is 2, for deuterium it is and for 
oxygen |. This last result is obviously in agreement with the fact 
that the alternate rotational levels of oxygen are missing, and the 

L. S. Kassel, J. Amer. Chem. Soc., 1933, 55, 1351; A., 1933, 561. 

^ See L. S. Kassel, loc. ciU, ref. (30). 
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others show no nuclear-spin degeneracy. For molecules of this 
type the approximate value of Qrot. becomes 1 /2a : this result had 
been previously deduced by classical mechanics,®® the factor 2, 
called the “ symmetry number,” representing the number of equiv¬ 
alent orientations in space which the molecule is able to occupy 
Eis a result of simple rotation.®’ Since the expression for entropy 
[equation (7)] involves BlnQ, the correction for symmetry and for 
nuclear-spin degeneracy with a diatomic molecule is 2B In (2i^ -f 1) — 
J?ln2; if = 0, as for oxygen, this becomes — i?ln2. 

It should be noted that the equality of the odd and even terms in 
the Qrot, summation is only approached when a is small: for most 
molecules, the temperature at which this occurs is quite low, but 
with equilibrium hydrogen and deuterium it is not the case. With 
these substances ®® it only applies when the ratio of ortho- to para- 
forms has attained the values of 3 : 1 and 1 : 2, respectively, and this 
is only the case at about 273° Abs. for hydrogen and at 200° Abs. 
for deuterium. For ‘‘ normal ” hydrogen and deuterium the 
approximations described" are, of course, applicable. With other 
homopolar molecules possessing nuclear spin, the ‘‘ normal ” ratio 
of ortho- and para-states is reached at such low temperatures that 
under reasonable conditions the summation and correction factors 
considered above are adequate. 

If the partition functions are required for the calculation of 
equilibrium constants, then provided the temperatures are such 
that the approximations discussed are valid, it is permissible to 
omit the nuclear-spin factor, both from atoms and molecules, 
although the “ symmetry number ” must be included.®® Since 
nuclear spins are not always known, it is customary to quote 
entropy and F° — ^/q° values with the spin-multiplicity effect 
omitted, but with due allowance for symmetry; in fact, these 
allowances must be made if the entropy values from spectroscopic 
data are to be used in conjunction with others determined from 
thermal measurements. These entropies have been called virtual ” 
entropies,*® and given the symbol S*; if absolute values are required, 


Cf. P. Ehrenfost and V. Trkal, loc. cAt., ref. (1). 

For full discussion, see J. E. Mayer, S. Bninauer, and M. G. Mayer, loc, 
cit,f ref. (11). 

** See W. F. Giauque, loc* cit*, ref. (12); H. L. Johnston and E. A. Long, 
loc. cit.t ref. (16). 

G. E. Gibson and W. Heitler, Z. Physik, 1928, 49, 465; H. Ludloff, 
ihid.f 1929, 67, 227; W. F. Giauque and R. Overstreet, loc. cit., ref. (13); 
J. E. Mayer et al., loc, cit., ref. (11); see, however, H. LudlofE, Z. Phyaik, 
1931, 68, 433; A., 1931, 676; D. S. ViUars, Physical Rev,, 1931, 88, 1563. 

Idemt ibid.t p, 1662; A., 1932, 14; R. M. Badger and S.-C. Woo, J. Amer. 
Chem. Soc„ 1932, 64, 3623; A., 1932, 1205. 
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a factor R In + 1) must be added for every atom of spin t, in the 

molecule. 

Isotope Effect, —^For substances containing isotopic forms, accurate 
spectroscopic data are generally available only for the molecule 
containing the predominant isotope; the corresponding values for 
other forms can be readily calculated, however, by assuming the 
binding forces between atoms to be independent of their isotopic 
nature. In the determination of the entropy of the normal mixture 
the entropies of the separate forms are multiplied by their respective 
mol.-fractions, determined from the isotopic and chemical atomic 
weights, and the results are added, the entropy of mixing being 
included. Thermally determined entropies do not involve this 
factor, and for use in conjunction with these, for calculation of 
equilibrium constants, the entropy of mixing is omitted : if this is 
done, then in the appropriate instance it is necessary also to neglect 
the fact that the statistical weight of a heteronuclear molecule, 
e.gr., is double that of the symmetrical molecules, CP^CP^ 

and CP’CP'^. The same result, at least for chlorine, may be obtained 
in a simpler manner by treating the substance as a homomiclear 
molecule, each atom having an atomic weight 3546, the energy at 
each level being obtained by giving the proper proportional weights 
to the corresponding levels for the three types of isotopic molecules; 
this effect is believed to be general and to apply to all analogous 
cases.Hydrogen chloride may be treated as a mixture of definite 
amounts of HCP^ and HCP^, although the entropy of mixing and 
the nuclear-spin effect must not be included if the results are to be 
used in conjunction with thermal values. 

Polyatomic Molecules."^ —With such molecules precise calculations 
are very difficult, partly because the spectra are complex and 
difficult to analyse, and partly because of the labour involved in 
the evaluation of the partition function when three, or more, 
moments of inertia and several types of vibration have to be con¬ 
sidered.^*^ By replacing summation by integration and using 

W. F. Giaiique and R. Overstreet, loc. cit,, ref. (13); W. G. Brown, ihid,y 
1932, 54, 2394; A., 1932, 906; A. R. Gordon and C. Barnes, J. Physical 
Chem.y 1932, 36, 2292; A., 1932, 997. 

42 F. Hvmd, Z. Physih 1927, 43, 806; A„ 1927, 809; W. Elert, ibid., 1928, 
51, 6 ; A., 1929, 11; D. S. Villars and G. Schultze, Physical Rev,, 1931, 38, 
998; A,y 1931, 1216; D. S. Villars, ibid., p. 1562; A„ 1932, 14; D. P. Mac- 
Dougall, ibid,, p. 2074; D. M. Dennison, ibid., 1932, 41, 304; A., 1932, 982; 
A. Adel and D. M. Dennison, ibid., 1933, 48, 716; 44, 99; A., 1933, 661, 886; 
Dennison, Rev. Mod. Physics, 1931, 8, 280; H. R. Nielsen, Physical Rev., 

1932, 40, 446; T. E. Sterne, ibid., 1932, 89, 993; 42, 566; A., 1932, 666; 

1933, 118; D. S. VUlars, Chem. Reviews, 1932, 11, 369; E. B. Wilson, J. 
Chem. Physics, 1935, 8, 276; A., 810. 

* See report on “ Spectroscopy,” p. 63. 
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methods of asymptotic expansion,^® it has been possible to diminish 
the labour involved in obtaining the Q sum for relatively simple 
polyatomic molecules, HCN, COg, NgO, CgHg, HgO, SOg, CH4, 
and CD4, due allowance being made for anharmonicity and for 
stretching and interaction terms. In most cases, however, the 
simplification is made of treating the molecule as rigid and of 
assuming the different forms of energy to be independent : the 
complete partition function is then the product of the separate 
electronic, vibrational, and rotational functions. At relatively 
high temperatures the errors involved in these assumptions are 
generally small. 

The classification of polyatomic molecules according to the 
electronic configuration of the ground state is only possible for a 
relatively limited number of substances which behave as quasi- 
diatomic; in other cases it is assumed that there is only one electronic 
ground level and that excited levels do not contribute to the total 
state sum. The electronic factor in the partition function is thus 
generally, unless there is direct evidence to the contrary, taken as 
unity. 

A molecule containing n atoms has in general 3n — 0 normal modes 
of vibration : for a linear molecule this is increased to 3n — 5, and 
is decreased to 3n — 7 for a molecule of the ethane type because of 
internal rotation. Of this total, — 1 are stretching (valency), 
the others being bending (deformation) vibrations. If the energy 
of the vibrational levels can be expressed in terms of a formula 
similar to the one used for diatomic molecules, it is sometimes 
possible to make a reasonably accurate estimate of the vibrational 
partition function.**^ For a complex molecule it is generally the 
practice to use for each type of vibration the approximate relation¬ 
ship obtained for a diatomic molecule, viz,, ™ (1 — : 

the vibrational function for the whole molecule is given by the 
product of these terms, one for every possible vibrational mode.^® 
If any of the frequencies are degenerate, due allowance must be 
made in the product, the corresponding term being included for 
each component of the degenerate frequency. The vibrational 

*3 A. R. Gordon, J. Chem, Physics, ] 934, 2, 05; 1935, 8. 259; A ., 1934, 355 ; 
1935, 811; I. E. Vinoy, Proc. Canib. Phil. Soc., 1933, 29* 142, 407 (correction) ; 
A., 1933, 206; L. S. Kassel, locc. cit., ref. (30), (34); J. Chem. Physics, 1935, 
8 , 115; A., 437. 

** Cf. D. M. Dennison, Rev. Mod. Physics, 1931, 3, 280. 

L. S. Kassel, J. Amer. Chmn. Roc., 1934, 56, 1838; A,, 1934, 1300; 
R. W. Blue and W. F. Giauque, ibid., 1935, 57, 991 ; A., 924. 

See B. Topley and H, Eyring, J. Chem. Physics, 1934, 2, 217; A., 1934, 
851; R. H. Crist and G. A. Dalin, ibid., p. 735; A ., 1935, 33; E, Teller and B. 
Topley, J., 1935, 876; A., 1076. 
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terms affect the complete Q value to a relatively small extent, 
except at high temperatures; e.gr., at 298° Abs. Qrot. for nitrous 
oxide is 496, whereas Qvib. is 1-1; the introduction of approximation 
methods and the use of uncertain frequencies consequently result 
in relatively small errors. The rotational factor is the more im¬ 
portant, and this may best be considered under the headings of 
different types of molecules. 

Linear molecules {e,g., HCN, NgO, CO2, C2f^2)- rotational 

energy, at least in the lower vibrational levels, may be expressed by 
the same formula as for a diatomic molecule,^® although this is not 
strictly accurate.The moments of inertia being relatively 
large, it is permissible to replace summation by integration, and the 
approximation already described (p. 78) may be used. For a 
molecule possessing symmetry, the appropriate symmetry factor 
s must be introduced, giving Q^ot, = 1thus allowing for missing 
levels. The value of / required to calculate a is generally obtained 
from spectroscopic data, although it may be evaluated from the 
interatomic dimensions if they are known. The result does not 
include the nuclear-spin factor, for which allowance need only be 
made if the Q is required to calculate absolute entropy. 

Spherical rotator {e.g., CH4, CCI4, but not CMe4 because of free 
rotation). Molecules possessing tetrahedral symmetry may be 
treated as spherical rotators having three equal moments of inertia : 
the rotational energy may be expressed by the same equation as for 
a diatomic molecule. From quantum-mechanical considerations, 
it is sometimes possible to allow for the statistical weights of different 
rotational levels, but if missing levels and nuclear-spin effects are 
ignored, each level has a p value of (2J + 1)^; replacing summation 
by integration,^ then at appreciable temperatures Q^ot. = 

The term a has the same significance as previously (p. 78), I being 
assumed constant, and s is the symmetry number, viz,y 12 for 
CH4 and CCI4, which allows for missing levels. The nuclear-spin 
factor is not included. 

Symmetrical top. Under this heading may be considered two 
types of molecule : (a) single pyramidal, e.g., NH3, CHCI3, or (6) 
double pyramidal, e.g., CgH^. In molecules of this nature, two of 
the three moments of inertia are identical, — /b > lo- For 
the single-pyramid type the rotational energy, assuming a rigid 


R. M. Badger and S.-C. Woo, loc. cit., ref. (40), p. 3627. 

R. M. Badger and S.-C. Woo, loc. cit., ref. (40). 

L. S. Kassel, loc. cit., ref. (46). 

w H. P. Mulholland, loc. cit., ref. (29); L. S. Kassel, loc. cit., ref. (34). 

See J. E. Mayer et al., loc. cit., ref. (11); A. R. Gordon and C. Barnes, 
J. Physical Chem., 1932, 86, 2601; A., 1932, 1203. 
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molecule, may be written in the form given on p. 55, where 
K can have a series of 2J + 1 values, viz., J, J — 1, . . . , 0, ... 

J + 1, — J, for every value of J. The multiplicity of each 
rotational level is 2J -f 1, but owing to the introduction of K each 
level is (2J -f- l)-fold degenerate. The application of the usual 
approximation methods leads to Qr^ot. = where cta and 

CTO involve /a and Iq, respectively. Complete analysis, with full 
allowance for statisticalweights, etc.,gives results very little different. 

For an ethane-like top, the rotational-energy equation is similar 
to that for the single pyramidal molecule, another term involving 
K' equal to K :iz 2^, where n is an integer, being included; the 
approximate value of is then found to be Tr/scjAcro- 

Asymmetrical to]). For the general case in which the molecule 
is non-linear and has three different moments of inertia, the rotational 
energy cannot be expressed by a simple formula : the energies of the 
lower levels may be represented by a complex relationship which 
has been actually used to calculate Q for the water molecule.®'^ 
A satisfactory approximation,^ at appreciable temperatures, assum¬ 
ing a rigid molecule, is obtained by substituting /a/b for /a^ in the 
equation for a pyramidal molecule, thus (?rot. = 

For a planar molecule, e.g., HgO or CgHg, /a + ^b==J^o; for 
H2O, 8 = 2; for CgHg, s = 12; and for cycZohexene, 8 = 2, since 
it is non-planar. 

Complex Molecules .—By analogy with the formulse already given, 
it has been deduced that for a molecule with several rotating 
parts 

-^0 • • • being the moments of inertia of the molecule and 
of its independently rotating parts; u, 6, c . . . are the rotational 
degrees of freedom associated with the corresponding moments of 
inertia, their sum being equal to n, the total number of rotational 
degrees of freedom; and s is the symmetry number, defined as the 
number of indistinguishable permutations produced by rotation of 
the molecule or of its parts. This relationship has been applied to 

F. Reiche, Z. Phyaik, 1926, 39, 444; J. E. Mayer et al., loc cit., ref. (11). 

L. S. Kassel, loc. cit., ref. (34); A. R. Gordon, loc. cit., ref. (43); for 
classical treatment, see A. Eucken, Phyaikal. Z., 1929, 30, 818. 

H. R. Nielsen, loc. cit., ref. (42); J. E. Mayer et. al., loc. cit., ref. (11). 

Idem, ibid. 

H. A. Kramers and G. P. Ittmann, Z. Phyaik, 1930, 58, 217; D. M. 
Dennison, loc. cit., ref. (44). 

A. R. Gordon and C. Barnes, J. PhyaiccU Chem., 1932, 36, 1143; A., 
1932, 695. 

J. O. Halford, J. Chem. Phyaica, 1934, 2, 694; A., 1934, 1300. 
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calculate the entropies of methyl alcohol, methyl ether, toluene, 
acetone, i^obutane, p-methyl-A^-butene (CMe2,*CHMe), and nto- 
pentane. The problem of complex molecules has also been examined 
from a more fundamental point of view which appears to have 
considerable promise, especially in its application to normal paraffin 
hydrocarbon s. 

Since in all the approximation methods the nuclear-spin factor 
has been neglected, the partition function should bo multiplied by 
2% + 1 for every nucleus if absolute entropies are required; for 
the calculation of dissociation constants or for combination with 
calorimetric data this correction should not be applied. 

Applications. —The methods outlined above have been used in 
the calculation of thermodynamic functions, e.gr., entropy, heat 
capacity, and the free-energy function, for the follow¬ 
ing molecules : hydrogen,hydrogen deiiteride (HD),®^ deuter¬ 

ium,®^ oxygen,®® ozone,®® hydroxyl radical,®"^ water,®® methane,®^ 

M. L. Kidinolt and J. Va. Aston, J. Chcrn. Vky^iicSf 1935, 3, 370; J., 

1064. 

L. S. Kassel, priv^aie conirnuiiicatioti. 

For atoms, soo refs. (12)—(15). 

D. M. Dennison, Proa. Roy. Roc., 1927, [A], 116, 483; A., 1927, 817; 
R. H. Fowler, ibid., 1928, [A], 118, 52; A., 1928, 409; T. K. Stonie, ibid., 
1931, [A], 130, 307; 133, 303; A., 1931, 295, 1222; F. Hund, Z. Physik, 
1927, 42, 93; A., 1927, 495; S. Daumichon, ibid., 1930, 62, 414; A., 1930, 
982; W. F. Giauque, lor. vit., ref. (12); C. O. Davis and H. L. Johnston, ibid., 
1934, 56, 1045; A., 1934, 722; A. R. Gordon and C. Barnes, J. Physical 
Chem., 1932, 36, 1143 ; A., 1932, (>95; see cilso R. H. Fowlt^r and T. E. Storno, 
Rev. Mod. Physics, 1932, 4, 035. 

H. C. Urey and D. Rittenborg, loc. cil., ref. (19). 

Idem, ibid. ; H. L. Johnston and PL A. Long, loc. cit., rof. (15); H. Motz 
and ¥. Patat, Alonatsh., 1934, 64, 17; A., 1934, 480; K. Clusius and E. 
Bartholom^, Z. Elcktrochein., 1934, 40, 524; A., 1934, 951; Z. physikal. 
Chem., 1936, [B], 30, 258. 

W. F. Giauque and H. L. Johnston, J. Amer. Chem. Soc., 1929, 61, 
2300; A., 1929, 1137; H. L. Johnston and M. K. Walker, loc. cit., ref. (21); 
ihld., 1935, 67, 082; A., 090; B. Lewis and G. von Elbe, ihid., 1933, 65, 
611; 1936, 67, 1399; A., 1933, 343, 1198; A. R. Gordon and C. Barnes, 
J. Physical Chem., 1932, 36, 2292; A., 1932, 997. 

«« L. S. Kassel, J. Chem. Physics, 1933, 1, 414; A., 1934, 30. 

H. L. Johnston and D. H. Dawson, J. Amer. Chem. Roc., 1933, 65, 
2744; A., 1933, 1006. 

A. R. Gordon and C. Barnes, loc. cit., ref. (62); A. R. Gordon, J. Chem, 
Physics, 1933, 1, 308; 1934, 2, 65, 549; A., 1934, 30, 365, 1070. 

W. F, Giauque, R. W. Blue, and R. Overstreet, Physical Rev., 1931, 38, 
196; D. S. Villars and G. Sohultze, loc. cit., ref. (42); D. S. Villars, loc. cit., 
ref. (42); D. P. MacDougall, loc. cit., ref. (42); T. E. Sterne, ibid., 1932, 42, 
656; A., 1933, 118; L. 8. Kassel, loc. cit., ref. (34); A. R. Gordon and C. 
Barnes, J. Physical Chem., 1932, 36, 2601; A., 1932, 1203; R. D. Void, 
J. Amer. Ghem. Soc., 1936, 67, 1192; A., 1064. 
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ethylene,’® acetylene,’^ ethane,benzene,’® cyctohexen©,’® nitrogen,’*^ 
ammonia,’^ nitric oxide,’® nitrous oxide,” hydrogen cyanide,’® 
sulphur (82),’^ hydrogen sulphide,®® sulphur dioxide,®^ carbon di¬ 
sulphide and oxysulphide,®^'" sulphur monoxide (SO),®® chlorine,®® 
hydrogen chloride,®^ deuterium chloride,®® bromine,®® hydrogen 

L. S. Kassel, loc. rit., rof. (34); H. A. Smith and W* E. Vaughan, J, 
dhem. Physics^ 1935, 3, 341 ; A.^ 934; A. V. Frost, J. Oen, Chem, lluasia^ 
1934, 4, 124; A., 1934, 843. 

L. S. Kassol, loc. cU., ref. (34); J. E. Mayer rt al.^ loc. cii.^ ref. (11); 
A. K. Gordon, .7. Chevi. Physivfi^ 1935, 3, 259; ^.,811. 

H. A. Smidi and W. E. Vaughan, loc. c?7., rof. (70); J. E. Mayer ct at., 
loc. clt,^ rof. (II); A. V. Frost, loc. cit., rof. (70). 

J. E. Mayor ct al.^ loc. cit., ref. (11); V. Doitz and D. H. Andrews, ibid., 

1933, 1. 62; A., 1933, 212. 

W. F. Giauquo and J. O. Clayton, loc. cU., ref. (15); H. L. Johnston and 

C. O. Davis, loc. c?7., ref. (31). 

W. F. Giauquo ct al., loc. cit., rof. ((>9); D. S. Villars, loc. cit., ref. (69); 

D. P. MacDougall, loc. cit., rof. (69); T. E. Sterne, Physical Rev., 1932, 39, 
993; A., 1932, 566; W, M. D. Bryant, J. Awer. Ckem.’iSoc., 1931, 63, 3014; 
A., 1931, 1127. 

H. L. Johnston and W. F. Giauquo, J. Amer. (Jhe7)i. Roc., 1929, 61, 

3194; A., 1930, 24; H. L. Johnston and A. T. Chapman, ibid., 1933, 66, 

153, 5073 (correction); A., 1933, 229; K. W. Blue and W. F. Giauquo, loc. 
cit., ref. (45); A. H, Gordon and C. Barnes, loc. cit., rof. (32); E. E. Witmor, 
J. Amer. Chem. Roc., 1934, 56, 2229; A., 1935, 21. 

K. M. Badger and S.-C. Woo, loc. cit., ref. (40); W. H. Rodebush, 

Physical Rev., 1932, 40, 113; H. W. Blue and W. F. Giauquo, loc. cli., 

rof. (45); L. S. Kassel, loc. cit., ref. (45); A. R. Gordon, loc. cit., ref. 

(71). 

R. M. Badger and S.-C. Woo, lo<\ cit., ix'f. (40); A. R. Gordon, loc. cit., 
ref. (71). 

C. W. Montgomery and L. S. Kassel, loc. cit., ref. (15); P. C. Cross, •/. 
dhem. Physics, 1935, 3, 168; A., 569; I. N. Godnev, Physifcal. Z. Sovietimion, 
1936, 7, 442; A., 1312. 

P. C. Cross, loc. cit., rof. (79). 

A. R. Gordon, J. Chem. Physics, 1935, 3, 367; A., 1204; P. C. Cross, 
ibid., p. 825. 

P. C. Cross, loc. cit. 

C. W. Montgomery and L. S. Kassol, loc. cit., ref. (15). 

W. F. Giauquo and R. Overstreet, loc. cit., ref. (13); T. E. Sterne, Proc. 
Roy. Roc., 1931, [A], 131, 339; A., 1931, 674; A. R. Gordon and C. Barnes, 
loc. cit.,reis. (32), (65); H. M. Spencer and J. L. Justice, J. Amer. Chemh. Soc., 

1934, 66, 2311 ; A., 1935, 21. 

** W. F. Giauque and R. Wiobe, loc. cit., ref. (27); E. Hutchiason, ibid., 
1928, 60, 1895; A., 1928, 941; W. F. Giauque and R. Overstreet, loc. cit., 
ref. (13); T. E. Sterne, Proc. Roy. Soc., 1931, [A], 138, 303; A., 1931, 1222; 

H. M. Spencer and J. L. Justice, loc. cdt., ref. (83); A. R. Gordon and C. 
Barnes, locc. cit., refs. (32), (65). 

H. C. Urey and D. Rittenberg, loc. cit., ref. (19). 

A. R. Gordon and C. Barnes, loc. cit., ref. (32); J. Chem. Physics, 1933, 

I, 692; A., 1934, 30; W. G. Brown, J. Amer. Chem. Roc., 1932, 54, 2394; 
A., 1932, 906. 
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bromide,®^ iodine,®® hydrogen iodide,®® deuterium iodide,®® iodine 
monochloride,®^ carbon monoxide,®2 carbon dioxide,®® chloro- 
methanes,®^ the tetrachlorides of carbon, silicon, titanium, and tin,®® 
arsenic and phosphorus trichlorides,®® arsenic®® and phosphorus®*^ 
trifluorides, phosphine,®’ sulphur hexafluoride,®® nickel carbonyl,®® 
methyl alcohol, dimethyl ether, acetone and various hydrocarbons.®® 

Equilibrium constants ^ have been evaluated for the following 
reactions : H2 ^ 2H; ^ 2D; ® HD H + D; ^ 

2HD:^H2 + Do;^ 03:^20;® 03:^02 + 0;® 

H2 + 102;’ H2O + OH; ’ H2O + D2O 2 HD 0 ; « 

HDO + H2 H2O + D2; ® DgO + Hg ^ H2O + D2; 1® N2 

W. F, Giauquo and R. Wiebe, J. Amer. Chem. Soc.t 1928, 50) 2193; A,, 
1928, 1083; A. K. Gordon and C. Barnes, loc. cit., ref. (32). 

«« W. F. Giauquo, ibid, 1931, 58, 607; A., 1931, 429. 

W. F. Giauque and K. Wiebe, ibid, 1929, 51, 1441; A„ 1933, 765. 

H. C. Urey and D. Rittonberg, loc. cit., ref. (19). 

J. M. McMorris and D. M. Yost, ibid, 1932, 54, 2247; A., 1932, 906. 

J. O. Clayton and W. F. Giauque, ibid, 1932, 56, 2610; 1933, 57, 5071 
(correction); A., 1932, 906; L. S. Kassel, J. Chem. Physics, 1933, 1, 676; 

A. , 1934, 31; H. L. Johnston and C. O. Davis, loc. cit., ref. (31); A. R. Gordon 
and C. Barnes, loc. cit., ref. (32). 

R. M. Badger and S.-C. Woo, loc. cit., ref. (40); L. S. Kassel, loc. cit., 
ref. (46); H. M. Spencer and J. L. Justice, loc. cit., ref. (83); A. R. Gordon, 
J. Chem. Physics, 1933, 1, 308; A., 1934, 30. 

R. D. Void, loc. cit., ref. (69). 

D. M, Yost and C. Blair. J. Amer. Chem. Soc., 1933, 55, 2610; A., 1933, 

784. 

D. M. Yost and J, E. Sherborne, J. Chem. Physics, 1934, 2, 126; A., 
1934, 473. 

D. M. Yost and T. F. Anderson, ibid, p. 624; A., 1934, 1289. 

D. M. Yost, C. C. Steffens, and S. T. Gross, ihid, p. 311; A., 1934, 830. 

A. B. F. Duncan and J. W. Murray, ibid, p. 636; A., 1934, 1289. 

^ For tabulated summaries, see H. Zeise, Z. Elektrochem., 1934, 40, 886; 

B. Lewis and G. von Elbe, J. Amer. Chem. Soc., 1935, 57, 612. 

* W. F. Giauquo, loc. cit., ref. (12); re-calculated by H. Zeise, loc. cit., 
ref. (1). 

* H. L. Johnston and E. A. Long, loc. cit., ref. (15); ibid, 1934, 56, 710 
(correction). 

* H. C. Urey and D. Rittenberg, loc. cit., ref. (19); F. Patat and H. Hoch, 
Monatsh., 1934, 64, 229; A., 1934, 1163. 

* H. L. Johnston and M. K. Walker, loc. cit., ref. (14); G. von Elbe and 
B. Lewis, loc. cit., ref. (14). 

* L. S. Kassel, J. Chem. Physics, 1933, 1, 414; A., 1934, 30. 

’ A. R. Gordon, loc. cit., ref. (93). 

* B. Topley and H. Eyring, loc. cit., ref. (46). 

* R. H. Crist and G. A. Dalin, ibid, 1934, 2, 442, 648 (correction); A,, 
1934, 962, 1070; T. Forster, Z. physihal. Chem., 1934, 27, [B], 1; A., 1936, 
33; see also, L, Farkas and A. Farkss, Trans. Faraday Soc., 1934, 30, 1071; 
A., 1936, 33. 

B. Topley and H. Eyring, loc. cit., ref. (46 ); R. H. Crist and G. A. Dalin, 
loc. cit., ref. (46). 
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2N; « NO ^ N + 0; 12 NO — JNj + JOj; “ NjO 
Nj + iO,;!® C 4-COg 2C0; 13.11 200^ 2C0 + Og; i» 

CO=^C + i02;i3 CO.^ + Hg — CO + HgO; 13. i« G + 2 H 2 

CH 4 ; 11 2C + 2 H 2 ^ C 2 H 4 ; 1’ 2C + Ha CaHj; i« 

C2H4 + H2 ^ CH4 + 2H2O — CO2 + 4H2; 20 CI2 

2 Cl; 2 i HCl --^iH 2 + |Cl 2 ; 2 i Br 2 ^ 2 Br; 22 HBr + 

JBr^; 22 I, ^ 21; 23 HI — IBr — P^ + ^Br; 

ICl — P 2 + iClg; 26 H 2 + 2DC1 D 2 + 2HC1; 2? Hg + 2DI 

1)2 + 2HI; 27 2 CI 2 + 2 H 2 O ^ 4HCI + 02;^® P 2 ^ 

2P;29 S2^2S;82 SO — JS 2 + ^02; «2 802 ^182 + 02*,®" 
SO 2 SO + iOg; ®" 3 H 2 + SO 2 H 2 S + 2 H 2 O; 2 CO 2 + 

IS 2 ^ 2C0 + SO 2 ; CO 2 + H 2 S COS + H 2 O; COS + 

H 2 S CS 2 + H 2 O; CO + JSg ^ COS; 2C0S COg + 
CS 2 ; CS 2 C + S 2 ; 91“ and various interchange reactions 
involving the isotopes of lithium, carbon, oxygen, nitrogen, chlorine, 
and bromine.2i 

Discrepancies .—In general, there is excellent agreement between 
thermodynamic functions calculated from spectroscopic data and 
the values obtained by direct experiment : in a few cases there are, 

W. F. Giauquo and J. O. Clayton, loc. cii.y ref. (15); recalculated by H. 
Zeise, loc. cit., ref. (1) (p. 88(i). 

H. L. Johnston and A. T. Chapman, loc. cit., ref. (76); recalculated by 
H. Zeise, loc. cU.^ ref. (1) (p. 886). 

L, S. Kassel, loc. cit.^ ref. (45). 

A. R. Gordon, loc. cif.t ref. (93); A. R. Gordon and C. Barnes, loc. cit,, 
ref. (69). 

J. O. Clayton and W. F. Giauque, loc. cit.^ ref. (92). 

A. R. Gordon, locc. cit,, ref. (68); A. R. Gordon and C. Barnes, loc. cit., 
ref. (62). 

L. S. Kassel, loc. cit,, ref. (34); A. R. Gordon and C. Barnes, loc. cit., 
ref. (69). 

L. S. Kassel, loc. cit., ref. (34). 

H. A. Smith and W, E. Vaughan, loc. cit., ref. (70); A. V. Frost, Compt. 
rend. Acad. Set. U.R.S.S., 1933, 4, 161; A., 1934, 254; see also E. Teller and 
B. Topley, loc. cit., ref. (46). 

A. R. Gordon and C. Barnes, loc. cit., ref. (69). 

W. F. Giauque and R. Overstreet, loc. cit., ref. (13). 

aa A. R. Gordon and C. Barnes, J. Chem. Physics, 1933,1, 092; A., 1934, 30. 

G. E. Gibson and W. Heitler, loc. cit., ref. (39); H. Zeise, loc. cit., ref. 
(1) p. 887. 

H. Zeise, loc. cit., ref. (1), p. 887. 

2® Idem, Z. Elektrochem., 1935, 41, 267; A., 702. 

*® J. McMorris and B. M. Yost, loc. cit., ref. (91); H. Zeise, loc. cit., ref. (1), 
p. 888. 

H. C. Urey and D. Rittenberg, loc. cit., ref. (19). 

A. R. Gordon and C. Barnes, loc. cit., ref. (65). 

H. Zeise, loc. cit., ref. (1), p. 888. 

A. R. Gordon, J. Chem. Physics, 1935, 3, 336; A., 1204. 

H. C. Urey and L. J. Greiff, J. Amer. Chem. Soc., 1935, 57, 321; A., 446. 
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however, outstanding discrepancies which require consideration. 
The statistical entropy of hydrogen is 33*98 units, including the 
nuclear-spin contribution, compared with the accurate thermal 
value of 29-6—29*7 at 298*1° Abs. : ^2 there has been some contro¬ 
versy®^ over this difference, but it is now accepted as being due 
to the persistence of rotation in the solid,so that the thermal 
method, based on the third-law assumption of zero entropy, is 
incorrect. The cakailated error, 4*39 units, is in excellent agree¬ 
ment with the observed discrepancy of 4*3—4*4 units. The correct 
(virtual) entropy of hydrogen to be used in conjunction with the 
values for other substances is obtained by subtracting B In 4, the 
nuclear-spin correction, from 33*98, giving 31*23 units. A similar 
difference exists between calculated and thermal entropies of deuter¬ 
ium, the values being 38*98 and 33*9, respectively : this agrees 

excellently with the calculated discrepancy (5*()9 units). The 
virtual entropy of is 38*98 - R In 9 (the nuclear-spin effect), 
giving 34*62 units at 298*1° Abs. The calculated entropy of nitric 
oxide is about 0*75 greater than the thermal value : since this 

difference is approximately In 2 it has been attributed to the 
presence of NgOa in the solid, which exists either in two forms 
with different coupling energies, or in a single form possessing 
two different possible orientations distributed at random. For 
nitrous oxide the experimental value is 1*14 less than that obtained 
from spectroscopic data : if in the solid the nitrous oxide molecules 
could be oriented in a random manner either as NNO or ONN, the 
crystal would possess an entropy of 1*38 instead of zero. If the 
orientation were not completely random, the discrepancy might be 
somewhat less than this amount.®^ A discrepancy of the same order, 
1*1 units, for carbon monoxide has been attributed to a similar 
random, possibly not complete, arrangement of CO and OC in the 
crystalline state.®® There also appears to be some difference between 
the experimental and calculated entropies of water .* this might well 
be due to the persistence of rotation in ice at temperatures as low 

32 W. F. Giauque, J, Amer. Chem. Soc., 1930, 52 , 4816; A,, 1931, 294. 

33 H. L. Johnston and W, F, Giauqne, ibid., 1928, 50 , 3221; A., 1929, 
138; R. H. Fowler, loc. cit., ref. (62); R. H. Fowler and T. E. Sterne, loc. cii,, 
ref. (62); W. H. Rodebush, Proc. Nat. Acad. Sci., 1929, 15 , 678; A„ 1929, 
127; Physical Rev., 1931, 87 , 221; D. MacGillavry, ibid., 1930, 86 , 1398; A., 
1931, 31; W. F. Giauque, ibid., p. 1592; loc. ciL, ref. (31); W. M. D. Bryant, 
loc. cit., ref. (75), 

3* L. Pauling, Physical Rev., 1930, 86, 43; A., 1930, 1357; see also R. H. 
Fowler, Proc. Roy. Soc., 1935, [^J, 151 , 1. 

33 K. Clusius and E. Bartholom^, Z. physikal. Chem., 1935, 30 , [B], 258. 

3® H. L. Johnston and W. F. Giauque, loc. cit., ref. (76). 

R. W. Blue and W. F. Giauque, loc, cit., ref. (77). 

3® J. O. Clayton and W. F. Giauque, loc. cit., ref. (92). 
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as 10° Abs.^® The disagreement between thermal and spectroscopic 
entropies of benzene has been ascribed to the possibility of deviation 
from flatness of the ring,^^^ but similar differences have been observed 
for molecules the configurations of which are in no doubt.These 
effects are probably due to incomplete knowledge of the vibrational 
modes of complex molecules. The uncertainty in treating the 
problem of free rotation of the methyl group in ethane may account 
for the calculated equilibrium constants for ^ 2 ^ 4 . + ^2 

being one-half the experimental values.It must be emphasised 
in conclusion that, whenever detailed analysis of rotational and 
vibrational levels is possible and accurate spectroscopic data are 
available, the statistical thermodynamic constants are more reliable 
than those determined thermally by measurements based on the 
third law. S. G. 


5. ChiEMicAL Kinetics. 

From the benefactions of the quantum theory to chemistry in 
general, the subject of reaction kinetics has received a rich share. 
The resulting new theory of chemical change inc^orporates the 
classical theor}^ as a special case, and has the additional advantage 
of affording a more intimate glimpse into the actual mechanism of 
reaction. The distinction between the two theories may be illus¬ 
trated by reference to bimolecular metatheses. The classical 
theory accepts the energy of activation (E) as a characteristic, 
experimentally asc^crtainable property of the reaction, and then 
proceeds to examine the frequency of collisions of critical violence.^ 
The watchful eye of the theorist follows, as it were, the approach 
of reacting molecules until they come to grips, whereupon the eye 
is closed, to be opened again only when the chemical change is a 
fait aexompli and the products of reaction are flying apart. The 
quantum theory, on the other hand, is not content with accepting 
E as a dynamic datum, but aims at evaluating it from the static 
properties of the reactants and resultants. The idea of collisional 
violence is maintained, but the watchful eye is kept wide open 
during the crash, in which old atomic allegiances are seen to be torn 
and new ones forged. The methods hitherto adopted for the 
a priori calculation of E and of other related terms are admittedly 

W. F. Giauque and M. Ashley, Physical Pev., 1933, 43 , 81; H. Zeise, 
Z. Elektrochem., 1933, 39 , 903; A. R. Gordon, J. Chem, PhysicSf 1934, 2 , 65; 
A., 1934, 355. 

V. Deitz and D. H. Andi-ews, loc. cit., ref. (73). 

D. M. Yost and C. Blair, loc, cit., rof. (95). 

** H. A. Smith and W. E. Vaughan, loc. cit., ref. (70). 

^ H. Goldschmidt, Physikal. Z., 1909, 10 , 206; M. Trautz, Z, anorg. Chem., 

1916, 06» 1. 
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of an approximate character, yielding results which are only in 
partial agreement with experiment. The qualified arithmetical 
success of the quantum-mechanical theory is, however, more than 
counterbalanced by the general correctness of the physical hypo¬ 
theses which make such calculations possible. For the purpose of 
the present report, some knowledge of the new theory is essential; 
current theoretical research subsumes it, and much of the experi¬ 
mental work is most conveniently discussed in its light. 

The Picture of Chemical Change Drawn by Quantum Mechanics .— 
We shall illustrate the method of H. Eyring and M. Polanyi ^ by 
setting ourselves the problem of evaluating the energy of activation 
of the reaction Br -f Hg —> HBr + H, which M. Bodenstein has 
shown to be 17,700 calories. The perturbation theory of quantum 
mechanics yields the following simple expression ^ for the potential 
energy of a triatomic system, in terms of the Coulombic energies, 

B, and C, and of the exchange or resonance energies, a, p, and y : 

E^A+B + C + {i[(a •- P)2 + (P _ y)2 + (a - y)2]}i (1) 

In general, the magnitude of the six separate contributions to the 
total energy is not known, but the quantities (A + «)» (E + p), 
and (6’ + y) can be directly found from the Morse functions of the 
relevant diatomic configurations. The evaluation of E thus requires 
a knowledge of the proportion of the total energy which is contri¬ 
buted by the Coulombic terms. The absence of a fixed or universal 
method of estimation and the approximate nature of the actual 
estimation are the first vulnerable points in the theory. The 
previously accepted value of 3*5% is certainly too low; and it is now 
believed that 14%, which is known to hold for the hydrogen molecule, 
is nearer the mark. Adopting it, we may rewrite equation (1) thus : 
E = Q- 14{(A + «) + (B + p) + (C- + y)} + 0-61{[(^ + (X) - (J5 + 

+ [(5 + P)-((7 + y)]2+[(^ + a)-(C' + y)P}*. . (2) 

The theoretically justifiable step of considering only linear combin¬ 
ations of the three atoms, e.g.. 



introduces an obvious simplification, enabling us to write 
(4 + a) = D'h.[1 - \ 

(5-f = I . (3) 

(0 -f y) = 2>'HBr[l - e-+ 

* Z. physikal. Chem.f 1931, [B], 12, 279. 

• W. Heitler and F. London, Z» Physik, 1927, 44 , 465. 
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where D' is the energy of dissociation (D) plus the zero-point 
energy (^Avo). By combining equations (2) and (3), we obtain an 
expression for the potential energy of the triatomic system in terms 
of two spatial co-ordinates, and rg (Fig. 1). 

The initial system consists of a free bromine atom at an infinite 
distance away from a stable hydrogen molecule, and is represented 
by a point [r^ = oo ; = ro(H 2 ); B = D'uJ in the top left-hand 

comer of Fig. 1. The final system corresponds to a free hydrogen 
atom, infinitely separated from a stable hydrogen bromide mole¬ 
cule, and is characterised by the point [rj = 00 ; r 2 = rQ(HBr); 


Fig. 1. 



F — D'nBr]- The passage of the system from its initial to its final 
state clearly corresponds to the occurrence of the chemical reaction 
Br + HH —>■ BrH + H, for which the heat of reaction is simply 
The easiest of an infinite number of such passages is 
that traced by the broken line. If we imagine ourselves to take the 
place of the representative point of the reacting system, we can gain 
a clearer view of what happens. Starting at x, we climb a gentle 
ascent southwards in a valley flanked by mountains, those on our 
right being the steeper. Round about the position y, there is a 
virtually horizontal walk, beyond which we descend into a second 
valley eastwards. The crux of the theory of Eyring and Polanyi 
is the identification of the height of the pass with the energy of 
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activation. The critically activated complex, represented by the 
point y, has certain definite probabilities of changing and of being 
formed in either of two ways : H + HBr ^ [H—H"“'’“Br] ^ 
Hg + Br. From the magnified contour of the saddle region 
(Fig. 2), the complex is characterised by = fg = 1*43 A. and 
E == 22,100 calories. The identity of and though possibly 
accidental, fits in with the hypothesis of D. S. Villars ^ that E is 
the minimum energy of the system which is compatible with equal 
atomic separations. The discrepancy between the observed and 
calculated values of E is due partly to the approximate nature of 
London’s equation, to the uncertainty about the Coulombic exchange 
ratio, and to the omission of statistical averaging. The energy- 
mountain model, in spite of its crudeness, is the rock upon which 


Fio. 2. 



quantum-mechanical theories of chemical change are built. It 
is believed to depict, at least in broad outline, the essential features 
of the mechanism of those simple chemical reactions which proceed 
without electronic transitions. Such reactions are said to be 
adiabatic.® 

General Considerations on the Potential-energy Mountain .—A 
helpful aspect of the present theory is the light which it throws 
on some of the obscure factors which determine the course of 
chemical change. Expressions similar to equation (1) have been 
derived ® for systems consisting of more than three atoms. Eyring 
and Polanyi’s comparison of the theoretical energies of activation 

* J. Amer. Chem. Soc., 1930, 52, 1773. 

® F. London, Sommerfeld Festschrift, p. 104, Hirzel, Leipzig, 1928* 

® F. London, Z. Elektrochem., 1929, 35, 652; J. H. van Vleck and A. 
Sherman, ReiJ, Mod. Physics^ 1935, 7, 167; H. Hellinann, Acta Pkyaico- 
ehimka UM.S,8., 1936, 1 , 913. 
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of the two reactions Hg + o-Hg —^ Hg + P ‘^2 ^ ^ 

H 4- showed E to be smaller for the latter reaction, which 
should therefore, ceteris paribus, be the more likely to occur. The 
conclusion is in agreement with the actual mechanism established 
by A. Farkas.*^ A comparison of the calculated E's for the reactions 
C 2 H 4 I 2 —C 2 H 4 + I 2 and C 2 H 4 I 2 + I —^ C 2 H 4 + I 2 + I revealed 
but a trifling difference; ® hence the two reactions should occur 
concurrently, as is found to be the case.® The predominant, though 
not exclusive,^® addition of bromine in the 1 : 4-positions of the 
butadiene molecule has received a similar explanation.^^ As the 
mechanism of each reaction had been established by experiment 
before theoretical computations were made, it is evident that the 
function of the theory in this direction has, up to the present, been 
one of interpretation rather than of prediction. Perhaps the 
suitable note to strike at this juncture is not lament at the inability 
to predict, but delight at the ability to interpret. 

The velocity of chemical reaction is determined by the number of 
molecules which possess the nec^essary energy {E) and by tlie prob¬ 
ability {Q) per unit time that the activated molecules will suffer 
transformation. E is represented by the height of the col, and 0 by 
the probability that the representative point surmounts it. Our 
estimate of 0 depends on whether the process obeys the laws of 
classical or those of quantum mechanics. Consider a one-dimen¬ 
sional barrier with a height coiTesponding to E, According to 
classical mechanics, the chance that a freely moving particle will 
surmount it is independent of its shape; particles with energy W 
will always pass the top provided W ^ E, and will never pass it 
when W < E. According to quantum mechanics, the probability 
of transit is finite even when W <E, and amounts to certainty 
only as W — 00 . Jn principle, G can always be evaluated when 
the potential energ}" barrier has been expressed analytically.^^ By 
making assumptions about the shape of the barrier, expressions can 
be deduced relating its permeability (O) with its height (E) and 
width. Numerical computations for barriers of plausible widths 

’ Z, phyaikal. Chem., 1930, [i?], 10, 419. 

^ A. Shemian and C. E. Sun, J, Amer. Chem, Soc,, 1934, 66, 1096. 

® L. B. Arnold and G. B. Kistiakowsky, J, Chem. Physics, 1933, 1, 166. 

10 G. B. Heisig and J. L, Wilson, J. Amer. Chem. Soc., 1935, 67, 869. 

11 H. Eyring, A. Sherman, and G. E. Kimball, J. Chem. Physics, 1933, 1, 
586. 

1* E. Wigner, Z. phyaikal. Chem., 1933, [B], 19, 203. 

1* D. G. Bourgin, Proc. Nat. Acad. Sci., 1929, 16, 357; R. M. Langer, Physical 
Rev., 1929, 83, 290; C. Eckart, ibid., 1930, 36, 1303; S. Roginsky and L, 
Rosenkewitch, Z. phyaikal. Chem., 1930, [B], 10, 47; E. Wigner, Physical 
Rev., 1932, 40, 749; C. Zener, Proc. Roy. Soc., 1932, [A], 137, 696. 
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and heights show that 0 approximates to the classical value 
except when the mass, temperature, and energy of activation are 
low. It is conceivable that certain reactions exist, the rate of 
which is governed by the quantum-mechanical transmission of 
a hydrogen atom or proton, rather than by the co-ordinated 
evolutions of a system of atoms. Bell has shown that, adopting 
a barrier of the shape postulated by Eckart for an athermic 
reaction with E ~ 14,500 calories and a width of 2 A., 0 varies 
with T in such a way that the Arrhenius E would be only 6,300 
calories. If the somewhat speculative computations approximate 
to the truth, large differences are to be expected between observed 
and theoretical values of E. However, the behaviour of reactions 
involving massive particles may confidently be regarded as classical 
((^ == 1 when W ^ E), particularly when E is appreciable. 

Recent classical treatments of the passage of the representative 
point over the col have been synthesised and elaborated into a 
theory of great attractiveness by H. Eyring,^® who considers the 
critical complex to resemble a stable molecule in all respects except 
in the motion along the co-ordinate of decomposition. On account 
of the flatness of the saddle region, the motion in this degree of 
freedom is regarded as classical. The governing idea is that the 
passage over the col is associated with constancy in the number, 
but change in the nature, of the degrees of freedom. When, for 
example, two atoms A and B collide to form a complex A . . . B, 
from which the stable molecule AB will ultimately emerge, the 
six translational degrees of freedom (three for each atom) are 
converted into three degrees of translation of the complex A . . . B 
as a whole, two degrees of freedom of rotation, and—most important 
of all—one degree of freedom of translation of the atoms A and B 
within the complex, along the line of centres. The velocity of 
reaction is largely a function of the energy in this special degree of 
freedom. Quantitative developments have recourse to a general 
theorem in statistical mechanics (see also p. 66 ) which relates the 
equilibrium constant (K), for unit volume, with the energy change 
(jBq) and the relevant partition functions (F) : 

Z = .(4) 

R. B. Bell, Proc. Roy. Soc., 1933, [A], 139. 466; 1935, 148, 241; C. E. H. 
Bawn and G. Odgen, Trans. Faraday Soc.t 1934, 30, 432. 

E. Wigner and M. Polanyi, Z. phyeikal. Chem., 1928, 139, 439; H. 
Pelzer and E. Wigner, ibid., 1932, [B], 15, 445; O. K. Rice and H. Gershino- 
witz, J. Chern. Physics, 1934, 2, 853; W. H. Rodebush, ibid., 1933, 1, 440; 
1935, 3, 242; M. G. Evans and M. Polanyi, Tmns. Faraday Soc., 1935, 31, 
875. 

J. Chem. Physics, 1935, 3, 107. 

R. H. Fowler, “ Statistical Mechanics,” Chap. V, Cambridge, 1929. 
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The evaluation of F is in general a difficult matter, unless the motions 
are completely classical or completely quantised, and can be treated 
as virtually independent. In such cases, F factorises into F^F^F ^,. . 
Extracting from Fa^b the factor which takes account of the motion 
in the “ co-ordinate of decomposition,” and regarding this motion as 
one in a force-free field, we get : 

K = (FIbIFaFu) . . V'§nriMrih 

This expression gives the concentration of critical complexes at the 
col; multiplication by the average velocity VkTliivm of transit over 
the col gives us Eyring’s general formula for the velocity of reaction : 

k - (FIbIFaFj,) . . kTjh .... (5) 

In the particular example discussed here, FahIFa . F^ becomes 
hZjkTi where Z is the kinetic-theory value for the frequency of 
binary collisions. The classical equation for the velocity of simple 
birnolecular processes is thus dedueible from somewhat novel 
premises. The theory has been helpful in elucidating several 
problems, including the rates of homologous unimolecular reactions 
in gases,the negative temperature coefficient of the velocity of 
termolecular reactions,^® and the variation of the steric factor with 
molecular complexity Its application to the problems of reactions 
in solution makes appeal to the idea of entropy of activation. 
Attention has been directed to errors in the treatment of Wynne- 
Jones and Eyring. 

An extension of the energy-mountain technique has shown the 
way to the calculation of the energy of activation of simple ionic 
reactions.We shall illustrate the method by discussing the 
reaction CH3CI + I' —>- CH3I + Cl' in acetone solution. The 
charge on the attacking ion and the sign of the dipole predispose 
the approach to take place in the manner indicated : 



During chemical change, therefore, the methyl chloride molecule is 
turned inside out, like an umbrella in a strong wind. This mechan- 

O. K. Rice and H, Gershinowitz, J. Chem, Physics, 1936, 3, 479. 

H. Gershinowitz and H. Eyring, J. Amer. Chem. Soc., 1936, 67, 986. 

C. E. H. Bawn, Trans, Faraday Soc„ 1936, 31, 1636. 

W. F. K. Wynne-Jones and H. Eyring, J. Chem. Physics, 1935, 8, 492. 

F. G. Soper, Discussion on the Critical Increment, Chemical Society, 
1931, p. 46; V. K. LaMer, J. Chem. Physics, 1933, 1, 289. 

E. A. Moelwyn-Hughes, ibid., in the press. 

R, A. Ogg and M. Polanyi, Trans, Faraday Soc., 1936, 81, 604. 
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ism was dictated by the facts of the Walden inversion, and is 
consistent with Lowry’s theorem that reaction takes place through 
the intermediate formation of a compound of higher symmetry. 
Direct support for it has recently been given by E. D. Hughes, 
F, Juliusberger, S. Masterman, B. Topley, and J. Weiss,who have 
established experimentally the identity in the rate of inversion of 
«ec.-octyl iodide and the rate with which the iodine atom is exchanged 
by its radioactive isotope. Ogg and Polanyi’s expression for the 
potential energy of the reacting system may be written 




r „)12 __ . 

■' 2 
'l 




+ b^(r)er~r.lP ( 0 ) 


where is the separation of the iodine ion, and that of the chlorine 
atom, from the carbon atom, the polarisability of which is a. 
-^^CHsCi is f'be heat of dissociation, and a and are the Morse constants 
for methyl chloride. The heat of solvation (aS^i-) of the iodine ion 
is computed from the constants (6^ and p) of the repulsive field in 
crystals.The use of a similar expression for the potential energy 
(i/g) of the product system allows an evaluation of the energy of 
activation (E). The result is 50% too high. Among the factors 
which are omitted from the treatment, one may mention the 
influence of the cation, the inclusion of which leads to a better 
value of E. Several conclusions of a qualitative, or at best a 
semi-quantitative, nature may be drawn from, general considerations 
of the solid geometry of potential-energy models. Some of the 
problems relating to chemiluminescence,^'^ prototropy and 
exchange have been approached from this angle. By a combin¬ 
ation of the methods of Eyring and Polanyi ^ for non-polar systems 
with those of Ogg and Polanyi for ionic systems, potential surfaces 
have been constnicted for simple chemical changes where the 
reactants are of one kind and the resultants of another.^® 

Since the velocity coefficient (k) is usually proportional to 
^-EiRT^ any influence which lowers the energy of activation increases 
the velocity, and is thus positively catalytic. The introduction 
of an ion, a dipole, or a polarisable atom or molecule into an 
electrically neutral reacting system may, of course, increase or 
decrease the potential energy; and the height of the col may 
thereby be raised or lowered. In the former case, however, the 
disturbance merely makes possible an alternative mechanism which 

J., 1935, 1525. 

M. Bom and J. E. Mayer, Z. Physik, 1932, 75, 1. 

27 R. A. Ogg and M. Polanyi, Trans. Faraday Soc., 1935, 31, 1376. 

J. Horiuti and M. Polanyi, Acta Phyaicochimica U.R.S.S., 1936, 2 , 606. 

R. A. Smith, Proc. Comih. Phil. Soc., 1934, 80, 608. 

A. G, Evans and M. G. Evans, Trarhs. Faraday Soc.^ 1935, 81, 1400. 
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is less likely to occur than the undisturbed process, and may there¬ 
fore be ignored. In the latter case, the disturbed mechanism is 
the more facile, and may replace the original one. Steps towards 
the formulation of a quantum-mechanical theory of catalysis have 
already been taken.®^ 

It is a matter of interest to inquire into the possible connexion 
between the processes of activation, as the term is understood in 
chemical kinetics, and of the excitation of vibrational quanta. The 
study of the latter phenomenon is advancing rapidly.^- Quantitative 
applications of the theories presuppose a precise knowledge of 
interatomic force-fields, and are possible only in very simple cases. 
Approximate solutions to the problem being accepted,®^ it can 
readily be shown, for example, that the chance of a hydrogen atom 
exciting the first vibrational quantum in the molecule of hydrogen 
bromide is negligible compared with the chance of chemical reaction, 
in all relevant collisions. On the other hand, with molecules of 
slightly higher complexity, the interchange of translatory and 
vibrational energy is of some importance. C. N. Hinshelwood,^^ 
co-ordinating the salient facts relating to the catalytic decomposition 
of gaseous aldehydes, ethers, and nitrous oxide, points out that the 
efficient catalysts (c.g., iodine, halogen atoms, nitric oxide, and 
oxygen) possess the qualities (polarisability, free valency, odd 
electron, and magnetic moment) which according to classical 
theory favour specific energy transfers. The distinction thus 
appears to be due to the fact that, with an organic molecule, 
vibrational excitation occurs in bonds other than that which is 
eventually broken. Hinshelwood difierentiates between a pre¬ 
activated molecule and a critically activated one : both possess the 
necessary energy, but the former lacks the appropriate internal 
distribution, while the latter possesses the necessary energy in the 
right spot, and will decompose in the course of the next complete 
vibration. Further I'eference will be made to the question of the 
internal redistribution of energy (see p. 108). 

Atomic Reactions ,—The study of reactions involving the simple 
replacement of one atom by another offers obvious advantages. 


H. M. James and A. S. Coolidgo, J. Chem, PhysicSy 1934, 2, 811; A. E. 
Steam, J. Gen. Physiol., 1934, 18, 171; A. A. Schuchowitzky, Acta Physico- 
chirnica U.R.S.S., 1935, 1, 901; R. M. Langer, loc. cit., ref. (13). 

** O. Schmidt, Ann. Physik, 1934, 21, 241; H. O. Kiieser, Physikal. Z., 
1934, 35, 083; A. Eucken and R. Becker, Z. physikal. Chem., 1934, [B], 27, 
219; J. E. Lennard-Jones and C. Strachan, Proc. Roy. Soc., 1935, [A], 150, 
442. 

*» N. F. Mott and H. S. W. Massey, “ The Theory of Atomic CoUisione,’’ 
p. 248, Oxford, 1933. 

J., 1935 , nil. 
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A profitable approach to the investigation of any given chemical 
reaction, say A + BO —AB + C, is to examine it in conjunction 
with the sister reaction A + BD —> AB + where C and D 
belong to the same family in the periodic table. Experience shows, 
however, that the study of the second reaction, instead of solving our 
first difficulties, very often introduces new ones. We find ourselves 
to be, in fact, very near the core of chemistry, which holds the 
secret of the specificity of the various forms of matter. An 
investigation of the twin reactions A + BD^ —> AB + and 
A + BDg —> AB + 1 ) 2 , where and T >2 are isotopes of the same 
element, should take us a stage nearer the goal, because isotopic 
specificity, for all chemical purposes, is confined to those properties 
which are dii'ectly related to their masses. Of these properties, 
zero-point energy is one of the most important.^^ From accurate 
spectroscopic values of v, we have, for hydrogen, == fi,180, and 
for deuterium, — 4,390 calories per g.-mol., hence = 

1,800. The simplest known cliemical reactions are (1) H + Hg —> 
Hg + H; (2)D + D 2 —>B 2 + D; (3) H + D 2 —+ 

(4) D -f H 2 —> DH + H. Kinetic information about them is 
well-nigh complete.^® The first two are the ortho-para conversion 
of hydrogen and deuterium; the second two are the significant 
steps in the reaction H 2 + D 2 2HD. The difference in velocity 
of reactions (1) and ( 2 ) is due to two factors, viz,, the difference in 
the collision frequencies and that in activation energies, which 
experiment shows to be about 500 calories. Now the energy of 
activation {E) is defined as the difference between the energy (A"*) 
of the activated state (HHH or DDD) and the energy of the 
initial state (Hg or Dg); hence EShh — ~~ ^\) + 

(•£'h„h ^d„d) = 1,300. This quantity is in agreement with the 

difference calculated for the energies of the systems HHH and DDD 
by making plausible assumptions about the force constants. Much 
of the existing literature has been considered in this light. The 
additional data for HHD, HDD, HDH, DHD, HHBr, DDBr, 
HHCl, etc., make it appear probable that critical complexes do, in 
fact, possess zero-point energy, and thus resemble stable molecules 
at least in one respect. The difference in E for the reactions Na + 
HCl—>-NaCl + H (6,100 cals.) and Na + DCl—> NaCl + D 
(6,400 cals.) has been independently accounted for in the same way.®^ 
Q, Schay has continued his work on the interaction of alkali atoms 

(Frl.) E. Cremer and M. Polanyi, Z. phyaikal, Chem,, 1932, [B], 19, 443, 

A. Farkas and L. Farkas, Proc. Boy, Soc,, 1936, [A], 152,124; A. Farkas, 
^‘Ortho-Hydrogen, Para-Hydrogen, and Heavy Hydrogen,’* Cambridge 
1936. 

C. E. H. Bawn and A. G. Evans, Tram, Faraday Soc,, 1936, 31, 1392. 
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with molecules of halogen and of mercury halides.®® Except for 
a few details, the mechanism of reaction with potassium atoms is 
the same as that established with sodium.^ The homogeneous 
reaction K + Ig —> KI + I + cals, is followed by a wall 
reaction K + I —> hy a second homogeneous reaction 

Kg + I —> KI + K + ^2 state of electronic excitation 

of the emergent potassium atom is governed largely by the magnitude 
of the heat effect q^. The violet doublet is absent from the flame 
spectnim, in agreement with thermodynamic anticipation. From 
the temperature variation of one of the contributions to the total 
light intensity, the heat of dissociation of the reaction Kg — 2K is 
found to be 18,700 cals. The rate and energy of activation for the 
reaction between sodium atoms and monohalogen derivatives of 
benzene have been measured and discussed,as well as the 
reactions 0 + KOg —NO + and Br + (\ —^ BrCl + CL 

The actual union of two atoms to form a covalent molecule differs 
from the pictorial account discussed on p. 91, in that it requires the 
presence of a third atom or molecule to render the collision effective. 
The third partner may be a part of the wall of the reaction vessel, 
or a free atom or molecule in the gas. W. Steiner, whose earlier 
work on the mechanism of ternary encounters has received new 
confirmation/® has elaborated his theory of the recombination of 
hydrogen atoms.After allowing for the diffusion of hydrogen 
atoms to the wall, it appears that the reactions H + H + Molecule 
—y Hg + Molecule and H + H + Atom —>■ Hg + Atom have 
velocities in the approximate ratio of 9 : 10. Hydrogen atoms have 
been found to combine 1*36 times as fast as deuterium atoms, in 
agreement with our knowledge of the identity in diameters and 
force constants.^^ G. M. Schwab has shown that every collision 
between a bromine atom from the gas phase and a similar atom 
adsorbed on the waU is effective. 

E. Roth and G, Schay, Z. physikcU. Chem.^ 1935, [R], 28, 323. 

I. Beroger and G. Schay, ibid>^ p. 332. 

*0 M. Krocsak and G. Schay, ibid., 1932, [B], 19, 344. References to still 
earlier work have been given by E. K. Rideal, Ann. Reports, 1928, and by 
C. N. Hinshelwood, ibid., 1930, 1931. 

F. Fairbrother and E, Warhurst, Tram. Faraday Soc., 1935, 81, 987. 

** M. L. Spielman and W, H. Rodebush, J. Amer. Vhem. Soc., 1935, 67,1474. 

G. Brauer and E. Victor, Z. Elektrochem., 1935, 41, 508. 
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H. L. Lehmann, Trans. Faraday Soc., 1936, 81, 689. 
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As a matter of pure nomenclature, it may be pointed out that the 
term ‘‘ exchange reaction is being accepted for changes involving 
the replacement of an atom by one of its isotopes. The mechanism, 
as wo have seen, is usually an atomic one. 

More Complimied Reactions in the Gaseous PAa^e. —The repetition— 
perhaps inevitable—of some of the key experiments has con¬ 
solidated the territories gained during the last decade in this domain. 
A reinvestigation of the reaction CHg-CHO —CH^ -f CO 
under the original conditions yields no evidence that it is appreciably 
heterogeneous, as is the case at lower temperatures or that it 
depencls upon a chain mechanism. It also appears that the 
stationary concentration of hydrogen atoms is too low to maintain 
the type of chain mechanism mooted by F. 0. Rice and K. F. 
Herzfeld.^^ The catalytic influence of oxygen and of two oxides 
of nitrogen on this reaction has been studied.The decomposition 
of nitrous oxide, examined under pressures amounting to 40 atmo¬ 
spheres,^^ confirms the conclusions of F. F. Musgrave and C. N. 
Hinshelwood.^*^ For both these reactions, the apparent E increases 
as the pressure is raised. The role of keten as the intermediate 
compound in the unimolecular decomposition of acetone has been 
quantitatively studied; again, there is evidence for composite 
activation and for the absence of long chains.^® The thermal 
decomposition of ozone has been the subject of repeated investig¬ 
ation and discussion.^® Azomethane explodes at temperatures 
slightly higher than those at which H, 0. Ramsperger measured the 
quiet unimolecular decomposition.^® The study of the formation of 
hydrogen sulphide from its elements continues to offer difficulties, 
but the role played by sulphur atoms is becoming clearer.®® The 
reaction between hydrogen and oxygen attracts unabated attention. 
The influence thereon of replacing hydrogen by deuterium,®^ of 

C. A. Winkler and C. N, Hinshelwood, Proc. Poy. Soc., 1935, [^4], 149, 
355; M. Lotort, Compt. rend.^ 1935, 200, 312. 

50 M. W. Travers, Proc. Roy. Soc., 1934, [A], 146. 284; Nature, 1935, 136, 511. 

51 F. Patat and H. Sachsse, Naturwiss., 1935, 23, 247. 

52 J. Amer. Chem. Soc., 1934, 66, 284. 

5® F. H. Verhook, Trans. Faraday Soc., 1935, 31, 1521; E. W. R. Stoacie 
and R. D. Macdonald, Canadian J. Res., 1936, 12, 711. 

5^ E. Hunter, Proc. Roy. Soc., 1934, [A], 144, 386. 5® Ibid., 1932, 136, 23. 
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salt-coating the walls,of passing electric discharges,®^ of intro¬ 
ducing tetraethyl-lead,®^ and of the presence of a palladium catalyst®® 
have all been examined. Recent values of the lower explosion 
limit ®® are somewhat lower than those found originally. The lower 
explosion limit for the oxidation of phosphine has been re-examined 
under a wide variety of conditions by S. C. Gray and H. W. Mel¬ 
ville,®^ whose results, along with recalculated values for eight other 
reactions, confirm the accepted theory. New data on the lower 
explosion limit for the oxidation of carbonyl sulphide and of silane 
have been published by H. Gutschmidt and K. Clusius.®’^« 

The number of recorded chemical phenomena which find their 
readiest interpretation in terms of the chain theory is rapidly 
increasing.®’* For example, R. G. W. Norrish ®® has shown that the 
oxidation of hydrocarbons—^now definitely established as a direct 
attack by oxygen ®^—which yields such complicated analytical 
and kine^tic results, can be represented in terms of quite a simple 
chain mechanism. A helpful summarising article on this subject 
has also been given by W. Jost.’® Polymerisation reactions offer 
special opportunities for displaying the power of the chain theory.’^ 
These interesting chemical changes are gaining a new importance; 
but the time does not seem ripe for discussing them in these Reports. 
We shall, however, refer to them again in a later section. The chain 
theory itseK has been elaborated in two directions. To account 
for the widening out of the explosion limits consequent upon the 
introduction of artificially generated chain centres, N. Sernenoff 
lias postulated a mutual interference of the chains. In order to 
explain the rapidity with which explosion waves travel in deton¬ 
ations, K. K. Andreew and J. B. Chariton invoke the idea of 
macro-chains. New experiments to which the less elaborate 
theory has been applied include those on the explosion of ethyl 

M. Prettre, Compt. rend., 1935, 200, 132. 

G. Gorchakov and L. hawrov, Acta Physicochimica U.R.S.S., 1931,1, 139. 
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azide,the oxidation of propaldehyde,^^ the chlorination of pro¬ 
pane,*^® the polymerisation of formaldehyde,'^'^ the reaction between 
carbon monoxide and nitrous oxide,and the effect of hydrogen 
on the carbon monoxide flame. 

Brief mention must be made of the increasing variety of decom¬ 
position reactions which have been recently studied. The following 
compounds decompose by a unimolecular mechanism in the homo¬ 
geneous gas phase ; methyl and isec.-biityl iodides; nitro- 
methane; methyl,®® 7i-propyl,®^ and isopropyl nitrites; and 
glyoxal.®® Only the primary step in the decomposition of methyl- 
amine is homogeneous; increased surface inhibits the rate of 
decomposition of propylamine,®® an effect which is apparently 
absent in the case of triethylamine.®® An interesting example 
of intermolecular conversion obeying the unimolecular law is the iso¬ 
merism of ci5-methyl cinnamate.®® Bimolecular behaviour is ex¬ 
hibited by the polymerisation and hydrogenation of acetykme,®^ 
by the decomposition of nitrosyl chloride,and predominantly by 
the decomposition of acraldohyde.®® The effect of iodine on the 
rate of decomposition of chloral is consistent with a bimolecular 
mechanism involving iodine atoms; catalysis by nitric oxide is 
similarly interpreted.®® The decomposition of nickel carbonyl®® 
follows a more complicated course. 
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Reactions in Solution. —Advances in this field have depended 
more on the correct interpretation of existing data than on the 
discovery of new reactions. Our virtual ignorance of the nature 
of interaction in the condensed phase, long used as an excuse 
for shunning the problem, is now recognised as a reason for 
studying it. 

Many of the reactions which proved helpful in instituting a co¬ 
ordinated theory of reactions in solution have been reinvestigated, 
with confirmatory results. To the sole instance previously known, 
two others have been added (C 2 H 4 I 2 + I —y C 2 H 4 + I 2 + ^ 

Og + —> O 2 + c-Hg) of bimolecular reactions which have been 

measured in the gas phase and in solution : 98 Jiave the same 

E and h in the two phases. These results afford the most direct 
knowledge we have of the frequency of binary collisions in dilute 
solution. They support the anticipations of Christiansen (1923), 
Tolman (1927), and others that Z is of the same order of magnitude 
in the two systems. A third example (COS + HgO —y CO 2 + 
H 2 S) gives E = 25,700 for the predominantly homogeneous gas 
reaction, and E = 22,700 for the condensed reaction; collisions 
in the latter case, however, are between solute and solvent mole¬ 
cules ; if their frequency is calculated by the equation ^Zg = 3Tcriaj2mf 
E for the condensed reaction becomes 26,300 cals.®® Further 
analogies between collision frequencies in the two systems may be 
drawn from the work on quenching of fluorescence in gases and 
liquids.^ A. W. Chapman ^ has shown that the velocity of the 
Beckmann transformation of benzophenoneoxime picryl ether, 
catalysed by a variety of substances in carbon tetrachloride, has the 
same value as that computed for the hypothetical gas reaction, 
the observed E'h and the gas kinetic collision formula being used. 
The assumption that reactions of the type R^ONa + RgCl —y 
RjORg + NaCl are chiefly ionic, involving R^O' ions, has been 
justified by more reliable determinations of the degree of dis¬ 
sociation.^ The similarity of the k's for homologous reactions has 
been discussed in terms of the theory of coupled oscillators.^ The 
distinction drawn between these etherifications and reactions of 
the type R^RgRsN + R 4 CI — y R 1 R 2 R 3 R 4 NCI has been heightened 
by the response of the two to high pressures, which has been accur- 
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ately studied.® The rate of formation of urea and of monomethyl- 
urea to form cyanate ions and the corresponding cations has been 
the subject of precise and extensive work in various media,® 
enabling the relation between critical increment and ionic strength 
to be verified and elaborated.'^ The expected independence of E 
of electrolyte concentration has been demonstrated for numerous 
reactions of zero ionic t 3 ^pe, including the acid hydrolysis of diethyl- 
acetal ® and ethyl acetate,® and the basic hydrolysis of the acetyl- 
glycollate ion, for which over 300 values of E have been published.i® 
The value of E recently found for the mutarotation of glucose in 
water (18,000) is in better agreement with the classical value of 
17,700 given by Hudson and Dale in 1917 than with the amended 
value of 19,300 published by Kilpatrick in 1931. The rates of 
reactions of the type ^ R 1 R 2 R 3 SCI have hitherto 

been inferred quantities ; direct measurements have now been made 
in various solvents.Distinctly less attention is being paid to the 
study of reactions of the first and the third order. New instances of 
the unirnolecular cleavage of carbon dioxide from acids have, 
however, been examined,^® and the alleged termolecular reaction 
between stannous and ferric chlorides has been shown to be fairly 
complicated.^^ The latter change bears many of the distinguishing 
features of a chain reaction, though it has not yet been discussed from 
this angle. The search is also being continued for a satisfactory 
explanation of the kinetics of those complicated reactions involving 
halide, hypohalite, halite, and halate ions in aqueous solution.^® 
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Four of the directions in which the subject is advancing may be 
indicated roughly by the terms rapid reactions, radical reactions, 
exchange reactions, and film reactions. 

The application of Hartridge and Roughton’s technique offers 
a means of extending the range of observable phenomena in solution. 
In the hands of H. von Halban and H. Eisner, preliminary con¬ 
clusions are already derived concerning numerous organic and 
inorganic reactions which are half completed in about 0*001 second, 
and further useful information may confidently be expected from 
this source. The methods of measuring the speed of reactions in 
solution have formed the subject of a recent biochemical discussion.^® 
The part played by free radicals in solution becomes more 
prominent. E. Abel and K. Hilferding accept the mechanism 
proposed by Griffith and McKeown (1932) for the action of aqueous 
iodine on oxalic acid. One of the three rate-determining steps is 

1 + C 2 O 4 "- > C 52 O 4 ' + I', with E — 19,000, and a chain length 

of a few million cycles. The function of HO 2 in the decomposition 
of aqueous hydrogen peroxide has been quantitatively studied.^ 
J. R. Velasco finds that the relative rates of reaction of ketones 
with diphenylsemicarbazide are exponentially related to their 
oxidation potentials; and a complementary relation apparently 
holds for the inhibitive action of foreign substances on the reduction 
of mercuric chloride by picric acid.^^ The energetics of some of the 
steps in radical chains thus become amenable to measurement. 

Experiments on the replacement of the hydrated proton by the 
hydrated deuteron showed that the ratio a = is less 

than 1 for the mutarotation of glucose, and that doLjdT is positive; 
for the inversion of cane sugar, a exceeds 1, and dct-ldT is negative.^^ 
The hydrolysis of methyl acetate runs parallel to the case of 
sucrose. By applying the theory of multiple catalysis, the value 
of ^iroD has since been estimated at E for the pseudo-uni- 
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molecular reaction CH 3 *CO'CH 3 + HOD —y CH 3 *CO*CH 2 D 4* HOH 
is 18,000 cals.; a appears to be very nearly unity for hydrolytic 
reactions catalysed by enzymes^®—a result which allows us to 
eliminate one of the many explanations possible for the arresting 
effect of heavy water on the growth of organisms.2® 

The relatively simple technique required to measure the surface 
potential of films is a new and powerful implement in the hands 
of the investigator, enabling him, as it were, almost to touch the 
molecules which are reacting. With investigations of the hydrolysis 
of proteins,®^ the oxidation of fatty acids,the saponification of 
esters,®® and the polymerisation of unsaturated compounds,®^ the 
subject of chemical kinetics in two dimensions may be said to have 
begun .®^ 

Remarks on the Semi-empirical Factor, P.—The velocity constant 
for bimolecular reactions may be written in the form h = 
where Z is the collision frequency. In the case of simple reactions, 
P gives the probability that an energetically satisfying encounter 
leads to chemical change. The meaning of P, often called the 

steric factor, is in other cases more obscure, and must be discussed 
briefly. We shall accept the value of Z given by the kinetic theory 
of gases, although the use of formulae differing from it both in 
form ®®' ®’^ and in order of magnitude ®®’ has been advocated. 
P is known to be unity for some hundreds of reactions in solution 
and for some tens of reactions in gases. It may also be as high 
as 10^® or as low as 10“®. Reactions are said to have normal, 
fast, or slow rates, according as P equals, exceeds, or is less than 1. 
When two comparable reactions have different rates, experiment 
shows that the difference may be due to a change in E, in P, or in 
both. For example, when hydrogen chloride is replaced by hydrogen 
bromide in the chloroacetanilide reaction,®® the 20,000-fold increase 
in speed is due almost entirely to a change in E, When an ionic 
reaction is compared with the corresponding non-ionic one, it often 
happens that E remains constant while P^ is about 1 and Pq is 
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lower by several powers of ten. Concurrent changes in P and £ 
are very common. 

There has been no lack of ideas in attempting to interpret P. 
Some of the earlier conjectures were disproved by the experiments 
of Hinshelwood and Moelwyn-Hughes (1932), who pointed out new 
possible meanings which may be attached to it. There are three 
aspects of recent discussions. 

(1) The geometric factor, which aims at allowing for orientation 

effects. Opinions on the possible extent of this contribution vary 
largely. It should, perhaps, be pointed out that the effect is to some 
extent automatically allowed for in the dynamical formulation of 
the problem.^ J. M. Sturtevant,^^ on theoretical grounds, con¬ 
cludes that the orientation effect is not large enough to allow for the 
relatively minor deviations from the laws of Bronsted and LaMer,^ 
With different experimental systems, on the other hand, A. T. 
Williamson and C. N. Hinshelwood consider that a factor of the 
order of could reasonably be explained on the basis of the 

simplest kind of steric considerations —a view which is endorsed 
by R. P. Bell and (Sir) R. V. H. Levinge.^^ 

(2) The transmission probability, G, which, according to H. Hell- 
mann and J. K. Syrkin,^^ can be considerably smaller than 1, even 
for massive particles, provided 0 is computed for each discrete 
state. Thus the ease with which the nitrogen atom in ammonia 
(.•an pass to and fro through the plane of the throe hydrogen atoms 
appears to be sensitive to the degree of sharpness of the quantis¬ 
ation of vibrational energy. 

(3) The entropy change, S. Drawing on thermod 3 mamical 

analogy, we may anticipate that £ varies linearly mth the temper¬ 
ature (£ = £o + jST), in which case £ includes a terra In 

principle, S can bo found from the temperature variation of £ or 
from the postulated structure of the critical complex (Soper, 
LaMer,2- Rodebush,^^ Wyiine-Jones and Eyring ^i). Provided we 
know the actual equilibrium data for reactants ~ resultants, 
as distinct from the hypothetical equilibrium data for reactants 
reactive complex, we can eliminate the unknown term involving 
the entropy of activation, and obtain expressions for the velocity 

R. C. Tolman, “ Statistical Mechanics,” p. 67, 1927. 
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of reaction which include only measurable entropy terms. A fair 
test of the theory in this least speculative form has been carried 
out by F. G. Soper for bimolecular reactions in the gaseous phase 
and in solution. There is satisfactory agreement for cases with P 
differing as widely as 1 and 10 -’. According to Soper, P always 
approximates to unity for reactions attended by an increase in 
entropy. Tlie theory, therefore, applies in particular to slow 
reactions, the outstanding examples of which were shown, some years 
ago, to be highly exothermic. 

A method of factorising the more complicated term P for uni- 
molecular reactions has been suggested by C. N. Hinshelwood.®^ 
In addition to the geometric contribution, and a correction term 
superimposed on the Boltzmann factor, a third term a/p is intro¬ 
duced, where a is the rate at which energy in the preactivated mole¬ 
cule flows into the requisite bond, and p is the rate at which it flows 
elsewhere, i.e,, is dissipated. The internal redistribution of energy 
has also been the topic of an organised discussion. 

Organic Reactions. —We must regrettably confine ourselves to a 
mere categorical list of selected organic reactions which have been 
studied with sufiicient care to allow the detection of even small 
changes in P or in E. Apart from the unimolecular decomposition 
of nitrites, and the cis-trans-isomensm of stilbene, methyl cinnamate, 
and methyl maleate,^® the study of reactions in families has been con¬ 
fined to bimolecular reactions in solution. In the following examples, 
each consists of about twelve members : reactions of aryl and alkyl 
chlorides with ethyl alcohol in various solvents; saponification of 
esters of different substituted phthalic and crotonic acids; 
reactions between hydrogen bromide and alcohols in phenol solution; 
reactions between bases and p-C 6 H 4 R'CH 2 Br in various solvents; 
organic esterifications; ^ the union of amines with halides in benzene 
solution; the hydrogen-ion catalysed prototropy of nuclear sub- 
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stituted acetophenones,®® which affords an additional illustration of 
Nathan and Watson’s rule (1933); and the action of alkali on bromo- 
ethanes and chloroethanes.®’^ The theory of the constitutional effects 
upon the kinetics of organic reactions has been developed con¬ 
siderably in the light of new work. ®® The disti notion between organic 
and physical chemistry, j)erhaps seldom more than a convention, 
seems to vanish completely when we find that mesomerism, for 
example, may be direcjtly interpreted as a resonance effect between 
molecules possessing normal and polar structure.®® 


E. A. M.-H. 


6. Surface Chemistry. 

A considerable and increasing amount of work has been done in 
this field during the period under review. It is difficult to select 
sections for special comment; but outstanding interest is perhaps 
attached to the nature of adsorption processes of chemical or so- 
called “ activated ” type and to the degree to which those of slower 
form are due to penetration effects; also to the recognition and 
measurement of the energy barriers which are involved in the 
activated migration theory which has recently been put forward by 
E. K. Rideal. Eurther, in heterogeneous catalysis, the attempted 
analysis by H. zur Strassen and G. M. Schwab of the factors which 
are contributory to the apparent energies of activation appears 
undoubtedly an important step towards the attachment of some 
degree of precise significance to the experimental values of those 
energy terms which are obtained on the basis of the temperature 
coeflSicient. 

Adsorption Components .—In certain cases of adsorption, the 
process is obviously composite and consists—in addition to low- 
temperature adsorption of van dcr Waals type—of a relatively 
rapid component, which in all probability involves linkage of a 
purely chemical nature, and of a slower process which takes place 
concurrently with or subsequently to the primary process. This 
sharply differentiated, very rapid component is especially character¬ 
istic of the adsorption of hydrogen and of certain other gases by 
metals, such as platinum or nickel, which are active for catalytic 
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hydrogenation. In other cases, e,g., in the adsorption of many 
gases on adsorbents of oxide type, this distinct rapid component is 
less pronounced or absent. 

In the last R^eport in which a review of the progress of surface 
chemistry was included (1931), an account was given of H. S. 
Taylor’s conception of activated adsorption. This has in the 
meantime been developed in a number of papers; and the treatment 
of the subject has become less simple by the apparent presence, in 
many cases, of more than one activated component. Thus H. b. 
Taylor and C. 0. Strother,^ who continued the work of H. S. Taylor 
and D. V. Sickman,^ have put forward, in connexion with the 
ad80i*ption of hydrogen on zinc oxide, evidence for two activated 
adsorption processes, in addition to van der Waals adsorption. 
The first of these activated processes takes place between 0 ° and 
about 100°, and is associated with an activation energy of the order 
of 5 kg.-cals. The second, which begins at about 100° and is still 
measurable at about 300°, has an activation energy of about 12 kg.- 
cals. Physical adsorption took place up to about >— 80° ; and there 
was no measurable adsorption of this type at or above room temper¬ 
ature. With zinc oxide promoted with chromium oxide, wliich 
is a more active catalyst, the existence of only one form of activ 9 ,ted 
adsorption, beginning at — 78°, was deduced; and this low initial 
temperature is regarded as being indicative of an extremely low 
activation energy. The calculated values of these activation 
energies vary with the conditions : for instance, J. Howard and 
H. S. Taylor ^ found that the apparent energy of activation of the 
activated adsorption of hydrogen on chromium oxide varied, with 
the sample of oxide studied, from 14 kg.-cals, to about twice this 
value and increased with the degree of covering. A similar apparent 
increase in the critical increment with the adsorbed concentration 
has been observed by P. V. McKinney ^ for hydrogen on manganese 
chromite. 

If the adsorption of hydrogen or of another reducing gas on an 
oxide is involved, the possibility of the reduction of the oxide is 
always present. There appear, however, to be good grounds for 
assuming in many such cases the prior formation of an adsorption 
complex, which breaks down, on being further heated, into the 
normal reduction products; and the total reaction may thus be 
regarded as including an initial process of irreversible adsorption. 
McKinney has investigated from this standpoint the adsorption of 
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carbon monoxide by palladium oxide,® which is only slowly reduced 
by this gas even at 100°. At — 80° the adsorption was almost 
entirely of th^ physical type; but irreversible activated adsorption 
began at aboiit 0° and increased with increasing temperature to a 
maximum at about 110°, beyond which temperature adsorption 
decreased. The isobar thus showed all the normal characteristics 
of activated adsorption. Evaporation of the adsorbed gas only took 
place in the form of carbon dioxide. McKinney calculated the 
apparent energy of activation of the adsorption process, but regards 
the wide variation in the values obtained (2*6—16 kg.-cals.) as an 
indication of the complex nature of the adsorption. The formation 
of irreversible adsorption complexes has also, for instance, been 
postulated by W. E. Gamer and F. J. Veal ® in the adsorption of 
carbon monoxide on a zinc chromite catalyst; and a slightly different 
type of irreversible activated adsorption is represented by the 
work of W. W. Russell and L. G. Ghering on the adsorption of 
oxygen by nickel at low temperatures.'^ 

Since the subject is not complicated by the possibility of reduction, 
the investigation of activated adsorption on metals is of special 
interest. R. W. Harkness and P. H. Emmett ® have adduced 
evidence for two types of activated adsorption, in addition to 
physical adsorption, for hydrogen on promoted ammonia catalysts; 
and J. Turkevich and H. S. Taylor® have examined, from the 
standpoint of an activated component, the adsorption of ethylene 
on hydrogenating catalysts both of metallic and of oxide type. 
With manganese chromite, the adsorption of ethylene at or below 
0° is principally of the van der Waals form. At 110° there was, in 
addition, some activated adsorption. With copper, activated 
adsorption occurs at a much lower temperature, viz., even at 0°. 
The isotherms for both types of catalyst were of the form in which the 
adsorption rises continuously with increasing pressure. A further 
example of a somewhat similar nature to the already cited adsorp. 
tion of oxygen by nickel is its adsorption by platinum. H. 
Reischauer obtained, with compact platinum, indications of two 
types of activated adsorption, which are associated with different 
activation energies and occur at different ranges of temperature. 

The conception of activated adsorption, in which the interaction 
between the gas and the adsorbent is regarded as being composed of 
activated surface processes, has been criticised by many investig- 

® J. Amer. Chem. Soc., 1933, 55, 3626; A., 1933, 913. » J., 1935, 1487. 

’ J. Amer. Chem, Soc., 1933, 55, 4468; A., 1934, 22. 

« Ihid., p. 3496; A., 1933, 1018; 1934, 56, 490; A,, 1934, 371. 

» Ibid., 1934, 56, 2254; A., 1934, 28. 

Z. phyaikaL Chem,, 1934, [B], j356, 399; 1934, 1803, 
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ators. For instance, Garner and Veal consider that there is but 
little evidence that this type of adsorption is controlled by activation 
energy inherent in the adsorption process itseK. Certainly, the 
degree of significance of the widely varying values which are 
obtained, on the basis of the temperature coefficient, for the 
apparent activation energy needs further definition; and much is to 
be said for Garner and VeaFs preference for the older designation, 
chemisorption, to indicate the nature of the linkage and to dis¬ 
tinguish such processes from physical adsorption, rather than the 
application of the term “ activated ’’ to processes for which the 
rate-control by activation energy of adsorption is still a matter on 
which agreement has not been reached. 

In this connexion, the degree of influence of any penetration 
effects in the total slow adsorption process is still to be considered. 
This aspect was discussed by E. W. R. Steacie,^‘^ A. F. H. Ward,^® 
and J. E. Lennard-Jones,as already reported,^® and also by 
8 . lijima,^® who concurs in the view that the rate curves obtained 
for hydrogen on, e.g,, finely divided nickel indicate adsor[)tion 
followed by diffusion. The subject of penetration has more recently 
been developed by E. K. Rideal in collaboration with H. W. 
Melville.^® The total adsorption is regarded as consisting of at 
least three processes involving energy barriers, viz., the passage 
from van der Waals adsorption to chemisorption, migration from 
just outside to just inside the surface, and internal migration. 
Evidence was adduced, in the course of work wdth hydrogen and 
with deuterium, for the existence of a definite energy barrier for the 
penetration of these gases from the surface to the interior of copper, 
as well as for migration within the metal. Accordingly, the slow 
adsorption process, which proceeds with an apparent energy of 
activation, is apparently a composite reaction; and any data, 
e.g., for the activation energy, only acquire significance if the degree 
of incidence of each component can be determined. The surface 
factor in these composite processes may be recognised from many 
observations. J. Howard found that the high-temperature 
chemisorption of hydrogen on chromium oxide gel markedly 

Loc. cit., ref. (6). 

J. Physical Chem., 1931, 35, 2112; A., 1931, 904. 

12 Proc.i? 02 /.>S'oc., 1931, [^], 133, 506, 522; ^., 1931,1365; Trans. Faraday 
Soc., 1932, 28, 399; A., 1932, 688. 

1* Ibid., p. 333; A., 1932, 688. Ann. Peports, 1931, 28, 37, 38. 

Sci. Papers Inst. Phys. Chem. Res. Tokyo, 1933, 22, 285; 23, 34; A., 
1934, 139, 358. 

1’ Nature, 1935, 136. 737; A., 818. 

Proc. Roy. Soc., 1935, [A], 153, 77, 89. 

Nahire, 1933, 132, 603; A., 1933,1112. 
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diminishes the van der Waals adsorption, from which he concludes 
that the slow high-temperature process is at least in part a surface 
phenomenon. P. H. Emmett and R. W. Harkness reach the 
same conclusion from the effect of previous high-temperature 
adsorption on the rate of the ortho-para conversion of hydrogen on 
platinum or nickel at — lOO"" and from a study of adsorption on 
iron-ammonia catalysts. 

Heat of Adsorption .—In calorimetrically determined adsorption 
heats, the effect measured will, in cases such as the adsorption of 
hydrogen by metals, represent principally that due to the rapid 
component; and, in view of the difficulty in previously removing 
the last traces of adsorbed gases without exposure of the adsorbent 
to a temperature sufficient to modify its normal surface properties, 
the initially observed differential heat will not, in general, be the 
true threshold value. This is especially the case for hydrogenating 
catalysts such as platinum or nickel. If, on the other hand, the 
adsorption heat is calculated by means of the Clausius-Clapeyron 
equation, the significance of the result will depend on the attainment 
of true equilibrium and on the effective simplicity of the adsorption 
studied. 

In exceptional cases, however, threshold values for the adsorption 
heat may be measured. J. K. Roberts,who used the value of 
the thermal accommodation coefficient of neon as an indication of 
the degree of bareness of a tungsten filament, previously flashed at 
a temperature above 2000®, has calculated a threshold heat of 
about 45 kg.-cals. per mol. of hydrogen for the adsorption of this 
gas on tungsten. The adsorption heat subsequently decreases to 
a limit of about 18 kg.-cals. for a completely covered tungsten 
surface, the decrease being regarded as due to the nature of the 
adsorption process and not necessarily to any heterogeneous 
character of the surface. The adsorption was practically instan¬ 
taneous, even at pressures of 10-^ mm. or less. 

Under the conditions which obtain when the adsorption heat is 
measured for a previously degassed catalytically active metal, the 
surface is already, in general, partially covered; and the apparently 
constant values for the differential adsorption heat which have 
been obtained by various investigators for hydrogen on copper 
or platinum, or for oxygen on platinum, may be due to the restricted 
adsorption range imposed by the limitations of degassing, or to a 

*0 J. Amer. Chem. Soc., 1935, 57, 1624; A., 1329. 

Ibid,, p. 1631; A., 1315. 

Proc. Roy, Soc., 1935, [A], 152 , 446. 

A. F. H. Ward, loc, cit.; R. A. Beebe, Trans. Faraday Soc,, 1932, 28 , 
761; A., 1932, 1199; E. B. Maxted and N. J. Hassid, J., 1931, 3313; A., 
1932, 118; Trane. Faraday Soc„ 1933, 29 , 688; A., 1933, 911. 
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difference in the adsorptive properties of finely divided metaUio 
catalysts and a previously heated compact metal filament. For 
carbon monoxide on reduced copper, R. A, Beebe and E. L. 
Wildner observed an adsorption heat which decreased with the 
adsorbed concentration. It may be noted that, in a composite 
adsorption, an increased degree of incidence of slower and less 
exothermic components as the adsorbed concentration is increased, 
would, under the conditions of calorimetric measurements, in itself 
cause a fall in the observed heat as the degree of covering is increased. 

In any case, the direct determination of adsorption heats presents 
considerable experimental difficulty. Possible sources of error have 
been discussed by Ward and by others of the above workers, also 
by G. M. Schwab and W. Brennecke.^^ Note may also be made of 
a particularly accurate form of calorimeter which has recently been 
described by W. E. Garner and F. J. Veal.^® The direct measure¬ 
ment of the adsorption heat of hydrogen and of carbon monoxide 
on zinc oxide and on zinc chromite in this apparatus gave evidence 
of two types of adsorption for the latter adsorbent, which was also 
employed in the partially reduced state, namely, an irreversible 
adsorption, associated with a heat of about 45 kg.-cals., which 
takes place on the oxidised surface, and, on the reduced surface, a 
reversible adsorption having a heat effect of 10—15 kg.-cals. 

As an example of a system containing a metallic adsorbent and 
in which the conditions permit the thermodynamic calculation of 
the adsorption heat, the adsorption of oxygen on silver may be 
mentioned. A, F. Benton and L. C. Drake ^7 have calculated in 
this way a value of about 13 kg.-cals. for the adsorption at about 
190®, at a pressure such that the formation of silver oxide is pre¬ 
cluded. Frequently, however, with metals, this indirect method of 
calculation is inapplicable owing either to non-attainment of 
equilibrium or to lack of knowledge with regard to the effective 
simplicity of the adsorption. 

Calculation by means of the Clausius-Clapeyron equation can, 
however, be applied to many adsorbents of oxide type. H. S. 
Taylor and D. V. Sickman obtained by this method a value of 
1*1 kg.-cals. for the physical adsorption of hydrogen on zinc oxide 
at low temperatures, and about 21 kg.-cals. for the adsorption 
process which takes place at about 450®. Further, as an instance of 
a relatively high-temperature adsorption accompanied by a far 


** J. Amer, Chem, Soc., 1934, 66, 642; A„ 1934, 485, 

« Z, phyaihal. Chem., 1932, [B], 16, 19; A., 1932, 469. 
*• J., 1936, 1430,1487. 

*7 J. Amer, Ohem. Soc„ 1934, 66, 266; A ., 1934, 370. 

*» i2^.. ie32, 64, 602; A. 1932,468, 
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smaller heat effect, B. Neumann and E. Goebel have attempted 
to estimate the influence of temperature on the heat of adsorption 
of oxygen on iron oxide. Great accuracy was not possible, but the 
adsorption heat apparently fell from 2-2 kg.-cals, for a temperature 
range of 20—100° to 1-3 kg.-cals. when the upper temperature was 
increased to 300°. 

Structure of Solid Adsorbing and Catalysing Surfaces .—In earlier 
Beports reference has been made to 11. 8. Taylor’s theory of surface 
heterogeneity based on the postulated occurrence of extra-lattice 
projections or peak areas which are associated with special activity. 
This important conception of extra-lattice projections has been 
discussed by a number of workers. O. Schmidt ^ mentions in this 
connexion G. Tammann and W. Boehme’s observation that 
small particles of metals— e.g., small rods or films of gold, for instance 
of an order of thickness of 4 {jl, at 200°—have only a very short life 
and disappear through sintering, by virtue of differences in vapour 
pressure, an effect which must be even more intense with extra- 
lattice projections of molecular dimensions. Again, E. Fajans^^ 
has shown, and it is a matter of general experience, that a very 
short sintering period is sufficient to stabilise a nickel surface in 
such a way that it does not change in activity even on prolonged 
further exposure to temperatures up to the sintering temperature. 

Evidence for the effective uniformity of a metallic catalysing 
surface has been put forward by E. W. R. Steaoie and E. M. Elkin,^ 
who have shown that there is no discontinuity at the melting point 
in the activity of zinc when this metal is used as a catalyst for the 
decomposition of methyl alcohol between 360° and 440°, from which 
it is concluded that the whole surface is uniformly active and that 
the catalytic activity is not limited to a part only; for, if active 
centres are involved in the catalytic reaction on solid zinc, it would 
be expected that there would be a sudden and very large drop in 
the activity at the melting point. The equivalence of the catalysing 
surface elements has also been discussed by G. M. Schwab,®^ who 
considers, on reaction-kinetic grounds, that catalysis is carried out 
by a range of energetically homogeneous points. Further evidence 
may, moreover, be obtained from the effect of progressive poison- 

Z. EUktrochem., 1934, 40, 754; A., 1935, 28. 

Ber.. 1935, [B], 68, 1098; A., 940. 

Arm. Physik, 1932, [v], 12 , 820; A., 1932, 452. 

Z. phyaikal. Chem., 1935, [JS], 28 , 252. 

Proc. Boy. Soc., 1933, [A], 142 , 457; A., 1934, 38. 

Z. physikal. Chem., 1934, 169 , 81; 171 , 421. 

E, B. Maxted and G. J. Lewis,»/., 1933, 602; E. B. Maxted and V, Stone, 
ibid., 1934, 26, 672; E. B. Maxted and C. H. Moon, ibid., 1935, 393; E. B. 
Maxted, J. Soc. Ch&m. hid., 1934, 68, 102t; A., 1933, 680; 1934, 262, 607, 
851; 1935, 589. 
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ing and of deactivation by heat treatment, and by a re-examination 
of 6, Vavon and A. Husson’s work on step-wise deactivation. 

Although many observations apparently indicate the effective 
equivalence of the catalysing range of surface elements, yet the 
extension of this to equivalence throughout the whole range of 
adsorbing points is bound up with the question as to whether 
all adsorbing points are equally effective for catalysis. Steacie 
and Elkin’s work on the absence of discontinuity in activity at 
the melting point of a solid catalyst would appear to show that 
this is so, at any rate in the case investigated; but this extension 
is not in conformity with Pease and Stewart’s observation of the 
non-correspondence between the depression of catalytic activity 
and adsorptive capacity which is caused by partial poisoning; 
and further investigation is undoubtedly still required. The 
limited degree of equivalence, namely, that of the catalysing points, 
is, however, not incompatible with the adhncation theory of Pietsch 
and Schwab. 

Heterogemous Catalysis .—It is becoming more and more evident 
that heterogeneous catalytic reactions are processes the mechanism 
•of which is complicated, not only by the presence of a transition 
jstate, but also by composite adsorption effects. For this reason, 
activation energies calculated by applying the simple Arrhenius 
relationship have little significance, unless the conditions are such 
that they refer to a dominant stage. 

In this connexion, attention may be drawn to an activation 
mechanism which has been proposed by E. C. C. Baly,^^ according 
to which the total critical increment required in a heterogeneous 
catalytic reaction is supplied in two stages. G. H. Bottomley, 
B. Cavanagh, and M. Polanyi also consider that such reactions 
take place in two stages, the second being the slower and therefore 
the rate-determining process. This is suggested, further, in Horiuti 
and Polanyi’s treatment of the part played by nickel or another 
catalyst in the hydrogenation or hydrogen-deuterium exchange of 
ethylene or benzene.In any case, a mechanism which involves 

Compt. vend., 1922, 176, 277; .1., 1922, ii, 631. 

R. N. Pease and L. Stewart, J. Amcr. Cham. Soc.t 1925, 47, 1235; A., 
1925, ii, 691. 
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S5, 135; A., 1929, 519; G. M. Schwab and L. Rudolph, Z, physikal. Chem.^ 
1931, [R], 12, 427; A., 1931, 919. 

Naturcy 1935, 186, 146; A., 1084. 
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the formation of an intermediate adsorption complex appears to be 
generally applicable. A surface may, in exceptional circumstances, 
promote reaction outside the adsorbed phase, for instance by the 
initiation of chain reactions.The degree of gaseous chain initiation 
which was claimed by K. Bennewitz and W. Neumann in ordinary 
catalytic reactions such as in the hydrogenation of ethylene on 
platinum appears, however, to be unfounded; ^ and heterogeneous 
catalytic reactions of the usual type may probably be regarded as 
being effectively confined to the adsorbed phase. 

The relative influence of the various adsorption components on 
the reaction velocity has continued to receive attention, particularly 
from the standpoint of the catalytic importance of the slower 
forms of adsorption. Thus, J. Howard and H. S. Taylor consider 
that the activated adsorption of ethylene is the rate-determining 
factor in the hydrogenation of ethylene on catalysts of the oxide 
type; and P. H. Emmett and S. Brunauer^® regard the slow 
adsorption of nitrogen by various ammonia catalysts as being the 
controlhng step in the synthesis. Chief interest is attached to 
cases where a relatively rapid and a relatively slow adsorption 
component, each of which constitutes a source of supply of the same 
molecular species, occur concurrently. M. Polanyi's theory of the 
mechanism of catalytic hydrogenation^’ requires that the cata- 
lytically active adsorption should be not a strong, but an extremely 
weak, activated adsorption; and, where there are, side by side, a 
slow activated adsorption, of high apparent activation energy, and 
a rapid adsorption, of low activation energy, on the same catalyst, 
the catalysed reaction should, according to the above conception, 
proceed through the latter and not through the former. An example 
of this is to be found in the observation of A. J. Gould, W. Bleakney, 
and H. S. Taylor that the interaction of hydrogen and deuterium 
at low temperatures takes place far more rapidly than the rate of 
activated adsorption. 

The degree of influence of a dominant adsorbed species, together 
with the utilisation of the heat of association as a contributory 
factor towards the activation energy, h^i^s been developed by H. zur 
ytrassen^^ and by G. M. Schwab^® in connexion with the passage 
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of a reaction velocity through a maximum value as the reaction 
temperature is increased—^with subsequent production of a negative 
temperature coefficient—and as an alternative to ascribing this 
negative coefficient to a decrease in adsorbed concentration. Thus, 
in the hydrogenation of ethylene on nickel, the variation of the 
reaction velocity with temperature is represented by an expression 
of the form 

in which k is the reaction velocity, E the activation energy of 
the hydrogenation reaction, Qh, and the heats of adsorption 
of the hydrogen and of the ethylene, and a a factor involving 
adsorbed concentrations. According to the views of these authors, 
the reversal takes place at a temperature at which adsorption of 
the ethylene, together with its heat of adsorption, begins to be an 
effective factor in the kinetics. A similar treatment has also been 
applied in connexion with the reversal in the sign of the temperature 
coefficient in the hydrogenation of crotonic? and maleic acids in a 
dissolved state in the presence of platinum. 

While a further examination of the controlling mechanism postal* 
ated by zur Strassen and Schwab is obviously needed, since other 
methods of control are possible, their treatment of these cases of 
reversal appears both suggestive and—provided that it can bo 
confirmed—capable of wider application. Certainly, without some 
modification in the Arrhenius equation for these heterogeneous 
reactions, the calculated values for the activation energy are of 
rather indefinite significance. 

An alternative view to the above aspect of the reversal has been 
put forward by T. Tucholski and E. K. Rideal.^^ These authors 
find that hydrogen and deuterium reduce ethylene at equal rates 
in the high-temperature region,®^ from which it is pointed out that 
the rate is probably determined by some reaction involving the 
hydrogen which does not involve a zero-point energy difference; 
and control by activated migration, probably of hydrogen, is 
suggested. A further alternative, which Tucholski and Rideal 
consider less probable, is control by a reaction involving identical 
energies of activation for the ethylene, the negative temperature 
coefficient being due to its desorption. R. Klar ^ also observed a 
reversal in the hydrogenation of ethylene with both isotopes in the 
presence of an iron catalyst. At temperatures up to about 100® 

61 y., 1936, 1190; A„ 1210. 
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deuterium reacts with ethylene more slowly than hydrogen, but, 
above this temperature, a more rapid reaction with the heavy 
isotope took place. With deuterium, the maximum velocity 
occurred at about 150”, whereas, with hydrogen, reversal took 
place at about 125”. 

Some work has been done on the mode of activation of catalysts by 
secondary constituents. For instance, an interesting study of the 
nature of the association between the constituents of a number of 
two-component catalysts has been made by G. Wagner, G. M. 
Schwab, and II. Staeger.^^ In cases in which an abnormal increase 
in catalytic activity—compared with the activity of each of the 
components separately—occurs, Z-ray analysis shows evidence for 
chemical association between the components, in contrast to the 
occurrence of the lattice structure of each of the components 
separately in other cases. Thus, CuO,ZnO and CuO,MgO gave 
diagrams showing no association, whereas Cu 0 ,Cr 203 and CuOjAlgOjj 
showed the formation of a new complex with the possibility of new 
adsorptive properties. Similarly, A. Mittaech and E. Keunecke 
have obtained evidence, on chemical grounds and as the result of 
X-ray examination, of the formation of mixed crystals of alumina 
and ferric oxide in the promotion of iron-ammonia catalysts with 
alumina. These authors infer that one function of the promoter is 
to inhibit the reduction of the iron oxide. J. Eckell found that 
the apparent activation energy of an iron oxide catalyst promoted 
with an increasing concentration of alumina decreased linearly 
with the alumina concentration up to a content of about 25%, and 
this was accompanied by a parallel change in the lattice structure. 

Of the catalytic reactions which have been studied during the 
period under review and which possess special general significance, a 
brief reference may be made to catalysed processes involving 
deuterium, for which, as would be expected, the same catalysts can 
be employed as for the lighter isotope. The saturation of ethylene 
by deuterium in the presence of metallic catalysts has already been 
noticed. K. Morikawa, W. S. Benedict, and H. S. Taylor have 
used nickel for the deuterium-hydrogen exchange in methane. 
J. Horiuti, G. Ogden, and M. Polanyi found that substitution 
took place on shaking benzene with deuterium in the presence of 
nickel or platinum; although these substitutions also ocenr in the 
absence of a catalyst.®® The somewhat similar process of exchange 
•‘s Z.phyaikaL Chem., 1934, [B], 27, 439; A„ 1935. 455. 

Z, Elektrochem., 1932, 38, 666; .k., 1932, 1004. 
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of atoms between water and deuterium may also be catalysed by 
platinum-black.®^ 

In the above review, no attempt has been made to deal with the 
many catalytic reactions which are of interest principally in relation 
to the process involved, rather than from a general standpoint, 
since such catalytic processes are more logically considered in the 
section appropriate to the reaction in question. 

E. B. M. 


7. The Physical Basis of Optical Rotatory Power. 

The progress which has recently been made towards the elucid¬ 
ation of the problem of the origin of optical rotatory power has 
culminated during the present year in an important paper by 
M. Bom.^ Current theories may be divided into two classes, 
“ electronic ” and ‘‘ molecular,” but they have a common basis in 
the theory of coupled vibrators, proposed by M. Bom in 1915/-^ 
according to which a molecule may be represented by a system of 
electrical particles which are more or less rigidly fixed relative to 
one another but become polarised undergo small displacements) 
under the influence of an applied electric field, such as the electric 
vector of a plane-polarised light wave. When one particle is set 
in vibration, it sends out secondary waves which act on the other 
particles just as the primary light wave does, and this process is 
repeated from particle to particle. If the particles are isotropic, 
rotation of the plane of polarisation can appear as a third-order 
effect when not less than four of them have taken part in the 
resonance process, or when two have taken part if they are 
anisotropic; but only on the condition that the four particles do 
not lie in the same plane in the former case, and that, in general, 
the system has no plane or centre of symmetry. This is a mathe¬ 
matical statement of the principle of molecular dissymmetry, 
but unfortunately, the detailed analysis in the general case is 
extremely complicated, and involves parameters which are not 
directly accessible to physical or chemical measurement. Sub¬ 
sequent developments have therefore consisted in the introduction 
of simplifying assumptions, and the difference between the electronic 
and the molecular theory lies only in the nature of the simplifications 
which they involve. 


J. Horiuti and M. Polanyi, Nature^ 1933, 132, 319; A,, 1934, 17. 
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(i) W. Kuhn ® applied the principle of coupling to a molecular 
model consisting of two linear (t.e., completely anisotropic) 
vibrators which are constrained to move only in directions perpen¬ 
dicular to one another along axes separated by a vertical distance d 
(Fig. 3a), the optically active medium being treated as a collection 
of such models in random orientation. Under these conditions, 
optical activity is promoted from a third-order to a first-order 
effect, with a consequent reduction in mathematical complexity. 
For wave-lengths remote from an absorption band, formulse are 
obtained which are identical with those of Drude or of Natanson, 
but they have the merit of being consistent with the model, whereas 
W. Kuhn ^ showed that Urude’s conception of spiral oscillators 
does not actually lead to rotatory power at all. Kuhn’s model, 
however, itself needed modification, since the value of d derived for 
it from measurements of circular dichroism (see below) proved in 
many cases to be incompatible with the known molecular dimensions; 
but W. Kuhn and K. Bein ^ were able to show that activity of the 
correct order of magnitude can result so long as the axes of the 
vibrators are inclined, but not parallel, to one another, and accept¬ 
able values of d are then obtained when the angle between them is 
small. Born criticises this model on the ground that “ it makes 
no attempt to reduce a iniori the dimensions and location of the 
assumed resonators to other known properties of the molecule.” 
The conception of a linear vibrator, also, which implies that the 
radical to which it corresponds can never be polarised in any direction 
inclined to its one axis, seems remote from the relatively flexible 
electronic systems which seem to exist in chemical molecules, 
whilst, in the case of the simplest active molecule with a central 
asymmetric carbon atom, the presence of four dissimilar radicals 
seems to call for four vibrators, and the system of two anisotropic 
resonators must form part of a molecule containing at least four 
atoms or radicals, since otherwise a plane of symmetry would be 
possible.® 

Kuhn’s model does not therefore appear to be capable of direct 
application to the asymmetric carbon atom, but there is a class of 
compound to which it bears a closer resemblance, i.e., those spiro- 
molecules which, though possessing no asymmetric carbon atom, 
have no plane of symmetry and can therefore be prepared in 

® Z, phyaikal. Chem., 1929, [H], 4, 14; Trans, Faraday Soc,^ 1930, 26, 293; 
Her., 1930, 63, 190. 
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optically active forma. Kuhn and Bein ^ selected as an example 
erythritoldipyruvic acid (I), in which the molecular dissymmetry 


(I-) 


CH< 


co,h/ 




\CH,- 


-O 


“ 0 ^ 


V 




arises from the fact that the planes containing the two systems 
HOgC—C—CH 3 must be perpendicular to one another, as is indicated 
by the dotted lines. If the two carboxyl groups are identified 
with the two completely anisotropic resonators of the original 
model (Fig. 3a), this reduces to the form of Fig. 36, where the 
resonators are displaced along their respective axes from the central 
axis of the model. Kuhn and Bein predicted that the configuration 
of Fig. 36 would be laBvorotatory, and they also investigated the 
absolute configurations of the cobaltioxalates in a similar way,® 
but in neither case were their conclusions in agreement with the 
general principles now developed by Bom. 


Fio. 3. 



Kulm achieved more success in the analysis of curves of rotatory 
dispersion inside an absorption band (the Cotton effect). Experi¬ 
ment shows that, as an absorption band is approached, the rotation 
rises to a maximum value (+ or —), returns to zero at the centre of 
the band, and then passes through a second maximum value of 
opposite sign. This phenomenon w^as successfully treated by 
L. Natanson® on the basis of Fresnel’s fundamental postulate of 
circular double refraction in an optically active medium and Cotton’s 
demonstration of the corresponding phenomenon of circular 
dichroism (difference of absorbing power for light circularly polar¬ 
ised in left- and right-handed senses). The contribution of the 
absorption band to the rotatory dispersion of the molecule (its 

partial rotation ”) can be predicted from a knowledge of the 

^ Z. phyaikal. Chem., 1934, [B], 24, 335. 

* Z, anorg, Chem,, 1934, 216, 321. 

• Bull, Acad, Sci. Krakow, 1908, 764; J. Phya. Eaddum, 1909, [iv], 8, 321. 
See also Kuhn and Freudenberg, “ Handbuoh der chemisohen Physik,” 1932, 

8, m, p. 77. 
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shape of the absorption curve (i.e., its strength / as determined 
from the area covered, which is je.dv where e is the molecular 

extinction coefficient at frequency v), and of the magnitude of its 
circular dichroism, e,. e/, for the measurement of which at ultra¬ 

violet wave-lengths W. Kuhn and E. Braun have developed a 
simple method. 

Numerical calculation of partial rotations by Natanson’s method 
demands a knowledge of the relationship between e and v inside 
each absorption band in order that the integral Je. dv may be 

correctly evaluated. Relationships which had been deduced by 
Natanson on a classical theory of damped oscillations were found 
to be inadequate, but Kuhn and Braun obtained more success 
with an empirical exponential expression of a type which had been 
suggested by J. Bielecki and V. Henri.This expression has been 
further modified by T. M. Lowry and H. Hudson and the partial 
rotations then deduced give excellent agreement with the curves 
obtained experimentally. Striking examples of the application 
of this method of treating the ("otton effect are the analysis by 
W. Kuhn and H. L. Lehmann of a very curious curve of rotatory 
dispersion obtained from p-octyl nitrite, and the demonstration 
by H. Hudson, M. L. Wolfrom, and T. M. Lowry that the rotatory 
power of tetra-acetyl (x-arabinose is contributed entirely by the 
ultra-violet absorption band of the carbonyl radical, whilst the 
partial rotations from the asymmetric carbon atoms entirely cancel 
one another. 

(ii) S. F, Boys,^® in contrast to Kuhn, based his analysis on the 
simplest chemical model which can show optical activity, an 
asymmetric carbon atom surrounded by four different radicals. 
This is a return to Born's system of four isotropic resonators 
arranged tetrahedrally; but, instead of making use of the results 
which had already been established. Boys attempted to calculate 
the forced vibrations of the resonators directly, expressing their 
polarisabilities in terms of their refractivities instead of taking into 
account their characteristic frequencies. This method is involved, 
and the results do not entirely agree with the rigorously established 
formulae of the general theory. They lead to an expression for 
the rotatory power of the molecule in terms of the product of the 
refractivities of the four radicals, and of a complex function of the 

10 Z, phyaikal. Chern,, 1930, [B], 8 , 446. “ Ibid., p. 281. 

Phyaikal. Z., 1913, 14, 616. Phil. Trana., 1933, [A], 232, 131. 

Z. EUktrochem., 1931, 87, 549; Z. phyaikal. Chem., 1932, [B], 18, 32. 

J., 1933, 1179. W. C. G. Baldwin, M. L. Wolfrom, and T. M. Lowry 
have also found optical cancellation in penta-acetyl /x-fructose; J., 1936, 696. 

1® Proc, Roy. Soc., 1934, [.4], 144, 666. 
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linear dimensions of the molecule which he deduced approximately 
from the “ atomic ” radii of the radicals, assuming them to be 
close-packed spheres. A similar result was obtained, by different 
reasoning, by R. de Mallemann.’^'^ Since the characteristic frequen¬ 
cies of the radicals are only involved implicitly in their rcfractivities 
[which may be expressed in the form ai-Ky? — % being a constant 

and Xjt the wave-length characteristic of the Mh absorption 
frequency], it follows that the rotatory power and refractive index 
should depend on wave-length in the same way: but this con¬ 
clusion must be invalid,^® since in the case of refractive dispersion 
the constants a}, are always positive, whereas in the case of rotatory 
dispersion some of them ma}' be negative, and the general theory 
requires that = 0, a result also obtained by Kuhn; and 
experiment actually shows that absorption bands which give only a 
tiny contribution to the refractive index often contribute very 
largely indeed to the rotatory power of a molecule. At wave¬ 
lengths in the visible spectrum, Boys’s formula leads to values for 
the specific rotations of simple alcohols and amines which are in 
excellent agreement with experiment, but, as is to be expected, it 
does not give satisfactory values for their rotatory dispersions; 
nor can it explain the Cotton effect, since the reversal of sign in the 
refractivity of the chromophoric radical, which is necessary to 
account for the observed reversal of the sign of the rotatory j)Ower 
at the centre of its absorption band, does not occur.^® On the other 
hand, for a given arrangement of the four radicals, Boys’s analysis 
leads directly to an unambiguous prediction of the sign of the 
rotation, and he specified the absolute configurations of simple 
optically active molecules such as amyl alcohol. 

(iii) Bom has now reshaped his general theory in such a way 
as to make it available immediately for chemical purposes. He 
starts from the simple model of the tetrahedral molecule, but, for 
technical reasons, he assumes the four resonators to be slightly 
anisotropic on the ground that theory shows that such anisotropy 
will inevitably occur as a result of the coupling forces even if the 
resonators are initially isotropic. At present, he considers only 
those wave-lengths which are remote from an absorption frequency, 
since the complex (and often diffuse) band systems of real molecules 
are beyond the scope of the method of analysis employed, and any 
formulse which represent the variation of rotatory power inside 
absorption bands must at best be semi-empirical in character; 

Compt, rend.t 1926, 181, 298; Trane, Faraday Soc., 1930, 26, 281. 

M. Bom, loc. ciLf ref. (1). 

T. M. Lowry and C. B. Allsopp, Proc, Roy, Soc,, 1934, [A], 146, 317. 

Loc, cit,, ref. (1). 
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but with this restriction, he deduces a simple formula for rotatory 
power which depends only on the frequencies and strengths of the 
four resonators and on their arrangement in space. In general, 
this formula is only valid when no two of the resonators are equal, 
but there is a limiting case where it still holds even when two pairs 
of them are the same, viz.^ when the faces of the tetrahedron have 
the form of congruent triangles (Fig. 4a). 8iill greater simplification 
results when these two pairs are so arranged that the lines joining 
them are perpendicular to one another and to the line joining the 
centres of the corresponding edges of the tetrahedron (Fig. 46). 
This, of course, is exactly the configuration of the erythritoldipyruvic 
acid molecule considered by Kuhn, but whereas Kuhn’s treatment 
only involved two of the four radicals (the carboxyl groups), 
Born’s formula takes account of all four of them. The formula 
does not implicitly include the sign of the rotation for a given 
molecular configuration, but this can be deduced from the general 


Fig. 4. 



theory : ‘‘ The rotation of the plane of the polarisation is represented 
by the same screw motion which makes the two atom pairs coincide, 
if one pair is moved along the line connecting the centres of the 
pairs.” The model of Fig. 4c is therefore laevorotatory, although 
the screw is right-handed, since chemists specify the sign of rotation 
when facing the on-coming light. This conclusion is the opposite 
of that reached by Kuhn for the 5piro-acid; the dispersion factor 
in Born’s formula, however, is identical with that obtained by 
Kuhn. Bom’s formula was used to calculate the rotatory power of 
diaminot9p?Voheptane (II),in which the dissymmetry arises from 



the spatial arrangement of the hydrogen atoms and amino-groups, 
which thus correspond with the pairs of resonators AB, AB in the 
model. The parameters in the formula (the distances A~B and 
0-P in Fig. 4c, and the characteristic frequencies of the hydrogen 

Resolved by (Sir) W. J. Pope and S. E. Janson, Chem. and Ind., 1932, 
51, 316, 
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atom and of the amino-radical) are not known, but appropriate 
guesses lead to a value = 30®, which is in good agreement 

with experiment. 

Bom has provided chemists with a physical theory of optical 
rotatory power which has a sound mathematical basis, and, when 
sufficient experimental accuracy in the determination of the various 
parameters is attainable, will make it possible to predict the absolute 
rotatory powers of molecules of known configuration; but the 
achievement of such accuracy will always be difficult, for Born’s 
formula involves the eighth power of the molecular dimensions and 
the sixth power of the frequency and the square of the strength of 
absorption bands which lie in a region of the spectrum where 
measurements are by no means simple. For the moment, there¬ 
fore, as T. M. Lowry has pointed out,^^ the chief importance of 
Bom’s work is that it can be applied to the prediction of the relative 
magnitudes of the rotatory powers of related compounds, as functions 
of three pairs of their fundamental physical constants, when the 
experimental errors in the parameters may be of much less 
importance. 

C. B. A. 


8. Dipole Moments and Valency Angles. 

In addition to being used in the qualitative determination of 
molecular structures,^ dipole moments have been applied for the 
purpose of calculating valency angles. The fundamental assump¬ 
tions involved are the constancy of bond moments, which are 
supposed to act along the direction of the valency bonds, and their 
strict vector additivity without any interaction effects of one 
moment on another,^ If the constituent bond moments, either 
singly or in the form of group moments, and the total dipole 
moment of a compound are known, then clearly it should, in general, 
be possible to calculate the angles between certain individual 
moments, i.e., between the corresponding covalency linkages. 
One of the simplest applications is to determine the angles between 
the 0 -, m-, and p-directions, respectively, in the benzene ring; if 
this is a plane regular hexagon, these angles should be 60°, 120°, and 
180°, respectively. As far as the m- and p-positions are concerned, 

« Nature, 1935, 186, 191, 

Reference must also be made to the appearance of T. M. Lowry’s 
** Optical Rotatory Power ” (Longmans, 1935), which contains a comprehen¬ 
sive detailed account of the development and significance of this recent work. 

^ Ann, Reporta, 1931, 28, 387. 

* (Sir) J. J. Thomson, Phil, Mag,, 1923, 46, 613; A., 1923, ii, 682; see also 
K. HOjendahl, Phyaikal, Z,, 1929, 30, 391; A„ 1929, 980. 
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the results are in agreement with expectation, but the moments of 
o-substituted compounds frequently imply that the angle between 
the valency directions is greater than 60°.® This discrepancy, 
known as the ‘‘ ortho-effect/’ has been attributed to actual distortion 
of the molecule resulting from the size of the substituent groups,^ 
or to mutual interaction between the two dipoles,^ so that the 
assumption of the constancy of the group moments—or of their 
strict vector additivity—taken as equal to the values for the 
corresponding monosubstituted benzene compounds, is no longer 
valid. It is probable that both factors are operative : measurements 
of the C~I and I-I distances in o-di-iodobenzene by the electron- 
diffraction method indicate that the angle between the two C-I 
bonds is at least 68^^,® and may be as high as 80'^.'^ A similar 
distortion of the molecule appears to occur in the pen-substituted 
naphthalene derivatives.®’ ® There is little doubt, however, that, in 
addition, interaction between groups occurs : ^ in some cases this is 
probably due to simple inductive polarisation, but in others it is 
connected with the permanent electromeric, i.e., mesomeric,^® effect 
in the molecule.It is the error in the calculations resulting from 
the presence of such an effect which led to the conclusion that the 
moment of the ]>C-CN system does not act in the direction 
of the C~C bond; there is now little doubt that this view is 
incorrect. 

In general, when two identical or different groups, or when three 

* C. P. Smyth and S. O. Morgan, J. Amer. Chem, Soc.t 1927, 49, 1030; A 
1927, 611; E. Bergraann and L. Engel, Z, physikaL Chem., 1930, [B], 8, 111; 
A.j 1930, 979; E. Bergmann, L. Engel, and S. Sandor, ibid,, 10, 106; A., 
1930, 1501. 

^ C. P, Smyth and S. O. Morgan, loc. cit. 

® H. M. Smallwood and K. F. Herzfeld, J. Amer. Chem. Soc., 1930, 52, 
1919; A., 1930, 84. 

* H. de Laszlo, Trans. Faraday Soc., 1934, 30, 892. 

7 S. B. Hendricks, L. R. Maxwell, V. L. Mosley, and M. E. Jeflerson, J. 
Chem. Physics, 1933,1, 649; A., 1934, 17. 

® A. Weissberger, R. Sangewald, and G. C. Hampson, Trans, Faraday 
Soc., 1934, 30, 884; A., 1934, 1157. 

* G. C. Hampson and L. E. Sutton, Proc. Roy. Soc., 1933, [A], 140, 662; 

A. , 1933, 766; H. Poltz, O. Steil, and O. Strasser, Z. physikal. Chem., 1932, 
[B], 17, 155; A., 677; E. G. Cowley and J. R. Partington, J., 1935, 604; A., 
809; K. HOjendahl, loc. cit. 

C. K. Ingold, J„ 1933, 1120; A., 1933, 1161. 

G. M. Bennett, Ann. Reports, 1929, 26, 132; G. C. Hampson and L. E. 
Sutton, loc. cit.; G. M. Bennett and S. Glasstone, Proc. Roy. Soc., 1934, [A], 
145, 71; A., 1934, 831. 

E. Bergmann and M. Tschudnovski, Z. physikal. Chem., 1932, [R], 17, 
116; A., 1932, 677. 

A. Weissberger and R. SSngeweld, J., 1936, 856; A., 976; of. also 

B. P. Cook and P. L. Robinson, Md., p. 1001; A., 1064. 
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identical groups, are attached to the same atom, it is possible to 
determine the valency angles, provided the individual group 
moments and the total moment of the compound are available.^^ 
For example, the angles between the C-X links in CHgXg and 
CHXg, where X is a halogen, have been calculated in this manner; 
an allowance of 0‘4D for the moment of the C-H bonds can be 
made, or alternatively, it may be assumed that the value for the 
C~X bond is equal to the moment of CHgX, the neglect of the 
C-H moment resulting in a cancellation of the errors involved. 
The angles for methylene chloride and for chloroform were found 
to be about 130"^' and 116*^, respectively, in good agreement with 
those obtained from A"-ray diffraction measurements on the 
vapours,^® viz., 124° i 6° and 116° i 3°. Analogous observations 
of electron scattering show, however, that the latter values 
are probably in error,and that the valency angles in the two 
compounds mentioned are 111° i 2°, a result in agreement with 
calculations based on wave mechanics.^® It is evident that in the 
chloromethanes there is considerable mutual interaction of the 
dipoles so that the C-Cl bond moments may be reduced by as much 
as 30%.^^ Similar interaction probably occurs in the other 
halogenomethanes; no measurements of interatomic distances in 
the vapours, from which valency angles can be calculated, have 
been reported, but it is i:>robable that, as the size of the halogen 
increases,20 the valency angles become greater than the tetrahedral 
value, although it is unlikely they will prove to be as large as those 
—134° and 140° for methylene bromide and iodide, respectively— 
calculated from dipole moments.^^ In spite of statements to the 
contrary, it now appears that inductive effects are also operative 
in ci^-dichloroethylene : the presence of a double bond in this 
molecule may, however, be a special contributivc factor 
When one or more phenyl groups are attached to a central atom, 
valency angles may be calculated by making use of the fact that in 

G. C. Hampson and L. E. Sutton, loc. cit., ref. (9). 

E. Borgmann, L. Engel, and S. SAndor, loc. cit., ref. (3); E. Borgmann, 
L. Engel, and H. A. Wolff, Z. phyaikal. Chem,, 1932, [B], 17, 81; A., 1932, 
677; see also F. R. Guss, J., 1934, 1467; A., 1934, 696. 

L. Bewilogua, Physikal. Z ., 1931, 82, 265; A., 1931, 788. 

R. Wierl, Ann. Phyaik, 1931, 8 , 521; A., 1931, 665; L. E. Sutton and 
L. O. Brockway, J. Amer. Chem. Soc., 1935, 57, 473. 

W. G. Penney, Trana. Faraday Soc., 1935, 31, 734; A., 810. 

L. E. Sutton and L. O. Brockway, loc. cit. 

Cf. C. P. Smyth and H. E. Rogers, J. Amer. Chem. Soc., 1930, 60, 222; 
A., 1930, 1093. 

G. C. Hampson and L. E. Sutton, loc. cit., ref. (9), p. 566; see also 
E. C. E. Hunter and J. R. Partington, J., 1931, 2062; 1932, 2819; A., 1931, 
1113; 1932, 210. 
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the ^?-position to the point of attachment the moment of a group 
such as a halogen, CN, NC, CH 3 , or NOg acts along the axis of the 

3 

benzene ring. The dipole moment jx of a compound CgH 5 — 
is detennined by the bond moments of CgHs—((Xi) and of A—B 
(jxg), and by the valency angle (6), which are related by the usual 
equation + ^ 2 ^ + ^fx^gg correct signs being used 

for the directions of the individual moments.^ Another equation 
connecting gj, gg? ^ t)e obtained from the measured moment 
of the compound p-X*CgH 4 *AB, the X—CgH^ bond moment, 
assumed equal to the moment of the compound CgHgX, acting in 
the lino of the CgH^—A bond. In order to calculate 6, it is necessary 
to know the value of the bond moments g^ and gg, or to be able to 
express gj as a function of gg; for practical purposes the latter 
condition is best satisfied by making g^ and go equal, i.e., B is also a 
phenyl group, and the compounds examined are diphenyl deriv¬ 
atives, CgHs-A'CgHs. By using either the moment of a mono- 
substituted compound, viz., p-X*CgH 4 *A*C 6 H 5 , or that of a pp'- 
disubstituted derivative, viz., pp'-X*C 6 H 4 ‘A'CgH 4 'X, independent 
values of the valency angle can be obtained; in the latter case, 
however, two solutions are possible, so that the result is not entirely 
free from uncertainty. 

Several fundamental assumptions are involved in these calcul¬ 
ations : (a) that the dipole moment of a compound is strictly the 
vector sum of the constituent bond or group moments, (b) that 
the valency angle of A remains unchanged by the introduction of the 
substituent X in the p-position of the phenyl group, and (c) that 
there is no interaction between X and the group AB, e.g., A-CgHs. 
The first assumption is implicit in all calculations involving bond 
moments, and the second is reasonably probable, except in so far 
as substitution in two benzene nuclei may result in some repulsion,^ 
but the third assumption requires further consideration. A test 
for interaction between groups is to calculate from the moments of 
CeH 5 ’A*B, CgHsX, and p-X*C 6 H 4 *A*B, by means of a simple vector 
triangle, or the equivalent equation, the so-called characteristic 
angle,” between the resultant moment of CgH^'A'B and the 
axis of the benzene ring passing through A; for a series of sub¬ 
stituents X, the value of <f) should remain unchanged. It was at 
one time claimed that <f) was in fact constant for a number of sub¬ 
stituted anisoles and anilines,except when the molecule 
contained groups having large and opposed electromeric effects. 

** E. Bergmanii and M. Tschudnovski, Z. physikal. Chem., 1932, [/^], 17, 
107; A., 1932, 677. 

** E. Bergmann, L. Engel, and S. SAndor, ibid,, 1930, [B], 10, 397; A., 
1931, 23. 
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As far as the anisoles are concerned, the apparent constancy of <j> 
was shown to be due to the use of incorrect dipole moments; the 
actual values of the angle for different p-substituents follow the 
polar sequence CHg, F, Cl, Br, I, and NOg, and a similar variation 
probably occurs with the corresponding jp-substituted anilines. 
There is little doubt that interaction occurs between the groups 
X and OCH3 in the anisoles; this does not appear to be due to 
inductive effects, but to a permanent polarisation of the mesomeric 
type transmitted through the conjugated system of single and 
double bonds in the benzene ring.^^ The same type of interaction 
appears to occur in all compounds in which a phenyl group is 
attached to oxygen, sulphur, or nitrogen. For the phenols, the 
value of with X — CH3, Cl, or Br, appears to be constant,^® and 
hence it has been claimed that there is hero no evidence for inter¬ 
action;^® in view of the fact that j»-chloro- and ^-bromo-phenol 
are virtually one case, and of the very small difference between the 
moments of phenol (1-56D) and j:>-cresol (1-57D), which leads to 
considerable uncertainty in the calculation of <^, the evidence for 
the constancy of this angle is very slight. 

The methods described above for determining valency angles in 
diphenyl derivatives have been used to calculate the oxygen and 
the sulphur angle in diphenyl ethers and diphenyl sulphides,^^’^^’^®-^^ 
but in view of tlie existence of interaction moments of considerable, 
although unknown, magnitude, the results are of no direct value.^^* 
An examination of the errors in the calculated angles, as a con¬ 
sequence of this interaction moment, supposed to act along the axis 
of the benzene ring passing through the p-positions occupied by A 
and the substituent X, shows that in certain cases, e.^., nitro- and 
bromo-diphenyl ethers, the errors in the two independent values of 
6 obtained from mono- and di-substituted compounds are of 
opposite sign; i.e., one is greater and the other less than the true 
value. With other compounds, e,g., ditolyl ethers, the errors are 
both in the same direction. If these limitations are borne in mind, 
and allowance is made for possible errors in observation and for 

G. M. Bennett, Trans, Faraday Soc.^ 1934, 80, 853; A., 1934, 1157; 
G. M, Bennett and S. Glasstone, loc, cit,, ref. (11). 

H. L. Donle and K. A. Gehrekens, Z. physikaL Chem,, 1932, [Bj, 1$, 
316; A., 1932, 984. 

L. E. Sutton and G* C, Hampson, Trans, Faraday Soc,y 1935, 81, 945; 
A., 1066. 

C. P. Smyth and W. S. Walls, J. Amer, Chtm, Soc,, 1932, 64, 3230; A,y 

1932, 984; G. C. Hampson, R. H. Farmer, and L. E. Sutton, Froc, Boy, Soc,, 

1933, [A], 148, 147; A,, 1934, 131. 

G. C. Hampson, Trans. Faraday Soc,, 1934, 80, 858; G. C. Hampson 
et al,y loc. cit .; L. E. Sutton and G. C. Hampson, loc, cit.y refs, (9) and (26). 
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solvent efiFects, for atom polarisation, and for the fact that the 
interaction moment operative along each benzene ring axis in a 
disubstituted ether may be less than the value for a mono-sub- 
stituted derivative, an examination of the available data for various 
substituted diphenyl ethers leads to the conclusion that in these 
compounds the oxygen valency angle is 128° 4°. This result 

is in harmony with the fact that diphenylene dioxide has zero 
moment, so that the molecule must be planar, and consequently 
the minimum oxygen valency angle in compounds of this type 
must be 120°; it also agrees with the calculations of deviation 
moments, which necessitate a valency angle greater than the tetra¬ 
hedral value in diphenyl ethers, in order to yield a consistent set of 
results.^® It is of interest to note that the new calculations imply 
an interaction moment of about 0*7D for the nitro-group, 0-2/>D for 
bromine, and O ID for the methyl group, acting along the axis of 
the benzene ring, in substituted diphenyl ethers. Electron-diffraction 
measurements indicate an angle of 118° 3° in pp'-di-iododiphenyl 

ether.®^ 

The data for diphenyl sulphides are not so extensive as for the 
ethers, but the application of the limitations mentioned above to 
the available measurements leads to a value of 113° i 3° for the 
sulphur valency angle. The appreciable dipole moment of thi- 
anthren, about 1-5D, indicates that in this compound the valency 
angle of the sulphur atom must be less than 120°; using the moment 
for the CfiHs—S bond, estimated from measurements on diphenyl 
sulphide, the actual angle may be calculated to be about 110°.^ 
An angle of 110—120° is of the order proposed for the sulphur atom 
in the thiocyanate group ^ and in alkyl sulphides to account for 
the dipole moments of various compounds. 

It is perhaps surprising that the oxygen angle in the diphenyl 
ethers is markedly greater than the corresponding angle in other 
oxygen compounds; for instance, in water the value as determined 

G. M. Bennett, D. P. Karp, and S. Glasstone, 1934, 1179; A., 1934, 
1058. 

G. M. Bennett and S. Glasstone, loc. cit.y ref. (11), p. 76. 

L. K. Maxwell, S. B. Hendricks, and V. M. Mosley, J. Chem, Physics^ 
1935, 8, 699. 

E. Bergmann and M, Tschudnovski, Ber., 1932, 66, 457; 1932, 507; 

W. S. Walls and C. P. Smyth, J. Chem, Physics, 1933, 1, 337; A., 1934, 12; 
G. M. Bennett and S. Glasstone, J., 1934, 128; A., 1934, 349. 

L. E. Sutton and G. C. Hampson, loc, cit., ref. (26), p. 951; ef. also 
G. M. Bennett, loc, cit,, ref. (24), p, 858. ^ 

E. C. E. Hunter and J. K. Partington, J., 1932, 2825; A,, 1933, 

210 . 

K. A. Jensen, Z. anorg, Chem,, 1935, 225, 97; see, however, E. C. K. 
Hunter and J. R. Partington, J,, 1932, 2812; A,, 1933, 210. 
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from spectroscopic measurements is about 105°, and in dimethyl 
ether the angle has been calculated as 118° from the Raman 
spectrum®^ and as 111° ± 4° from electron-diffraction measure¬ 
ments.^® By assuming the moment of the C-0 link to be the same 
in dimethyl ether as in ethylene oxide, in which the oxygen angle is 
determined by the known dimensions of the oxygen and the carbon 
atom, the angle in the ether has been calculated to be 116° ± 7°; 
the objection that the inductive effect of one C~0 bond on the other 
may be different in the two compounds considered does not appear 
to apply. The angle of 110° in dimethyl ether deduced by the 
“ shadow area ’’ method should not be quoted as evidence, since 
an application of the same principle led to the conclusion that the 
Kaufler formula was applicable to diphenyl The natural valency 
angle of oxygen in water and in the simple ethers, and also in 
chlorine monoxide and oxygen fluoride,®®’ appears to be slightly 
less than the tetrahedral value, whereas in diphenyl ethers and 
related compounds it is 120° or greater; unless the result is due to 
a misinterpretation of the dipole moments, which appears improbable, 
some reason for this discrepancy must bo sought. The important 
suggestion has been made that in diphenyl ethers resonance occurs 
between the normal molecule (I) and two possible excited states (II): 



The observations of Pauling and his co-workers indicate as an 
empirical fact that, when resonance occurs between different 
possible structures of a molecule, the actual dimensions within the 
molecule approach more closely the values for the form having the 
greater radial force constants; i.c., the molecular configuration will 
favour distances and angles required by double bonds over those 

** R. Meoke, Z, Physik^ 1933, 81, 313; A,y 1933, 445 ; see also E, F. Barker 
and W. W. Sleator, J, Chem. Physics ^ 1935, 3, 060. 

N. G. Pai, Indian J, Physics, 1934, 9, 121; A,, 1935, 283. 

** L. E. Sutton and L. O. Brockway, loc. cit., ref. (17). 

G. M, Bennett, loc. cit., ref, (24); see also N. G. Pai, loc. cit., ref. (37). 

L, E. Sutton and G. C. Hampson, loc, cit,, ref. (26), p. 953. 

W. A. Hare andE. Mack, y.^wer.C^em.AS^oc., 1932,54,4272; 4., 1933,11. 

E. Mack, ibid., 1925, 47, 2468; A., 1925, 1124. 

** H. Boersoh, Monatsh., 1935, 65, 311; A,, 687; see also J. S. Allen and 
H. Hibbert, J, Amer, Chem. Soc., 1934, 56, 1398; A., 1934, 831; M. M. Otto, 
ibid., 1935, 57, 693; A., 1192; C. R. Bailey and A. B. D. Cassie, Proc. Roy. 
Soc., 1933, [A], 142, 129; A., 1933, 1228. 

** E,g., L. Pauling, Proc. Ned. Acad. Set., 1932, 18, 293; also L. E. Sutton, 
frans. Faraday Soc., 1934, 80, 789; A., 1934, 1166. 
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necessitated by single linkages. In the diphenyl ethers, therefore, 
resonance between (I) and either form of (II) will result in a tendency 
towards an oxygen valency angle of 125'' 16', the usual value between 
a single and a double bond attached to a tetrahedral atom, instead 
of the normal angle between two single hnkages. The same factor 
should be operative, to some extent, in phenols and phenolic ethers. 
If the two benzene rings in diphenyl ether are to lie in one plane, it 
would be necessary for the oxygen valency angle to be widened to 
a value lying between 123'' and 145", according as an allowance of 
0—0-5 A. was made for an envelope around the hydrogen atoms 
in the o-positions to represent the repulsion of the electrons. The 
possibility of this factor influencing the measured value of the 
valency angle has been consideredand there is reason to believe 
that the resonance mentioned above may favour a configuration 
in which the two benzene rings are coplanar. 

The normal valency angle of sulphur appears to be definitely less 
than that of oxygen; analysis of the Raman and infra-red spectra 
of hydrogen sulphide leads to an angle of 90" or 92" 20',^® and a 
value of 100" has been proposed for dimethyl sulphide, based on 
its Raman spectrum.^^ The angle of 113" ± 8° for diphenyl 
sulphide, obtained from measurements of dipole moments, 2 ® may 
therefore indicate resonance of a similar type to that postulated for 
the diphenyl ethers. Nothing is known of the value to be expected 
for the angle between a single and a double bond attached to 
sulphur,^®® but owing to the fact that the radius of the sulphur 
atom is greater than that of oxygen, a smaller valency angle would 
accommodate two benzene rings in one plane. 

The principles used for calculating valency angles in compounds 
of the type CgHs^A'CgHs can also be applied in cases where other 
atoms or groups are attached to the atom A, provided the moment 
of the compound still lies along the axis of symmetry of the mole¬ 
cule, e.^., diphenylmethane,benzophenone,^^ diphonylsulphone,^^ 

N. V. Sidgwick, Ann. lieports , 1932, 29, 70. 

Idem, ibid., p. 72; C. P. Smyth and W. S. Walls, ref. (27), p. 3238. 

A. Dadieu and K. W. F. Kohlransch, Physikal. Z., 1932, 83, 165; A., 
1932, 320. 

P. C. Cross, Physical Rev., 1935, 47, 7. 

See, however, P. C. Cross and L. O, Brockway, J. Chem. Physics, 
1935, 8, 821. 

*• E. Bergmann, L. Engel, and H. A. Wolff, loc. cit., ref. (15); G. C. 
Hampson, R. H. Farmer, and L. E. Sutton, loc, cit., ref. (27). 

®o E. Bergmann, L. Engel, and H. Meyer, Ber., 1932, 65, 446; A,, 1932, 
606; L. E. Sutton and G. C. Hampson, loc. cit., ref. (26), p. 966; see also O. 
Fuchs and H. L. Donle, Z. physikal. Chem., 1933, [B], 1; A., 1933, 888; 

O. Hassel and E. Naeshagen, ibid., 1929, [B], 4, 217; A., 1929, 276. 

E, Bergmann and M, Tschudnovski, loc. cit., ref. (32), 
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aa-diphenylethylene derivatives,and aayy-tetraphenylallene.®® 
In diphenylmethane and diphenylsulphone there is no possibility 
of resonance, so that the angle between the phenyl groups is close 
to the tetrahedral value, any small deviations being attributable 
either to experimental error, to the influence of mutual induction on 
the bond moments, or to steric effects; with benzophenone and 
aa-diphenylethylene the corresponding angles are about 130°, and 
in both cases resonance, which should result in the angle being 
greater than the tetrahedral value, is theoretically possible. In 
the aa-diphenylallene compounds the angle between the valencies 
joining the phenyl groups to the carbon atom is found to be 119°; 
this increase over the tetrahedral angle is in conformity with the 
Thorpe-Ingold valency-deflexion hypothesis, but it might also be 
accounted for by resonance. 

A similar method to that adopted for diphenyl compounds can be 
applied to triphenyl derivatives in which the resultant moment 
of the molecule acts along its axis of symmetry; for triphenyl- 
methane and triphenylchloromethane the angle between the three 
phenyl groups has been calculated from dipole-moment data to 
be, as expected, about 110°. The method is, theoretically, available 
for triphenylamine, but the requisite measurements have not yet 
been made. The application of a similar principle to the determin¬ 
ation of the nitrogen valency angle in triethanolamine appears 
to be open to criticism, since no allowance has been made in the 
calculations for the possibility of free rotation about the N—C and 
C—O linkages. 

When the direction of the moment of an unsubstituted diphenyl 
compound is not collinear with the bisector of the angle between 
the axes of the benzene rings, but is equally inclined to both of them, 
as in diphenylsulphoxide or diphenylamine, it is possible to calculate 
the angle between the phenyl groups from a knowledge of the 
moments of the unsubstituted molecule and of a mono-^^-substituted 
and a di-^jf)'-substituted derivative containing the same sub¬ 
stituent.^^ An alternative value of the angle can be obtained if, 
instead of the last two moments, the values are known for two 
di-pp'-compounds, each with two identical groups, which are as 
widely different as possible in the two compounds. Both these 
methods have been used to determine the configuration of diphenyl¬ 
sulphoxide,with the result that the angle between the two 

E. Bergmann, L. Engel, and H. Meyer, loc. cit., ref. (50). 

E. Bergmann and G. C. Hampson,«/., 1936, 989; A., 1116. 

** E. Bergmann, L. Engel, and H. A. Wolff, loc. cit., ref. (16). 

J. N. Pearce and L. F. Berhenke, J. Physical Chem., 1936, d9» 1005. 

G. C. Hampson, R. H. Farmer, and L, E. Sutton, loc. cit., ref. (27), p. 164. 
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CgHg—S bonds has been found to be 112 ° ± 8 °; the close agreement 
between this and the tetrahedral angle is in harmony with the fact 
that from the chemical properties of the sulphoxide group there is 
no expectation of resonance of the type to which the widening of 
the valency angle in diphenyl ether has been attributed. 

The alternative procedure for determining the valency angle in a 
compound of the type C^JEL^ —A—B, involving a knowledge of one 
of the group moments (p. 129), has been applied to compounds 
having the general formula CgH 5 -CH 2 X, viz., benzyl chloride, 
bromide, and cyanide. In these substances no appreciable inter¬ 
action between the CH 2 X group and other groups substituted in 
the p-position is to be expected, and so the dipole-moment method 
should give reliable results. The assumption is made that the 
resultant moment of the unsubstituted compound, C(.H 5 *CH 2 X, 
acts in the direction of the C—"X bond; this is equivalent to 
assuming that the bond moments of C—H, in the methylene group, 
and of CfjH r,— C are zero, so that the only effective moment in the 
molecule is that of the C —X linkage, the value of which is equal 
to the measured dipole moment of the compound. These postulates 
are not strictly justifiable, but it is probable that the errors involved 
effccdively cancel one another. From the moments of the benzyl 
compounds and of a number of ^^-substituted derivatives, the angle 
between the C(jH 5 —C and C —X bonds was calculated as 114—119° : 
the departure from the tetrahedral angle is regarded as being no 
more than the probable errors involved in the determination.^'^ 
In the benzyl compounds no resonance, of the kind already con¬ 
sidered, is to be anticipated, so that there should be no widening of 
the valency angle. 

Attempts have been made to estimate the oxygen angle in anisolo 
on the assumption that the moment of the O—( 3 H 3 bond is the same 
as in dimethyl ether; the values of 140—150° obtained in this 
manner are undoubtedly in error, because of group-interaction 
effects in the p-substituted anisoles, the moments of which are 
required for calculating the valency angle.^ A similar difficulty 
arises in connexion with the oxygen angle in phenol itself and in 
other phenolic others, but no dipole method appears available at 
present for overcoming it. 

C. P. Smyth and W. S. Walls, J, Amcr. Chem. Soc., 1932, 64, 1854; A., 

1932, 794. 

See, however, J. M. A. de Bruyne, R. M. Davis, and P. M. Gross, ibid>, 

1933, 66, 3936; A., 1933, 1230. 

G. C. Hampson et al., loc. cit,, ref. (27); see also C. P. Smyth and W. S. 
Walls, loc. ciU, ref. (27), p. 3237. 

G. M. Bennett and S. Glasstone, loc. cit., ref. (11); L. E. Sutton and G. C, 
Hampson, loc. ci#., ref. (26). 
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The dipole moment of 2-13D for hydrogen peroxide waa at first 

XT 

attributed to its having the structure j£^0->0, but it was 

shown later that the result was in harmony with the ordinary 
formula H*0*0*H, on the assumption that the oxygen valency 
angle is tetrahedral and that there is free rotation of the OH groups 
about the O—0 axis. From considerations of wave mechanics,®^ 
however, it appears that free rotation is unlikely, although spectro¬ 
scopic considerations indicate the formula H*0*0*H to be the correct 
one. It is concluded that the two OH groups, which are stationary, 
are not coplanar, and that the two H’O—0 planes in the molecule 
arc inclined at an angle of about lOO"^ to one another. The calcul¬ 
ations indicate that the oxygen valency angle is also about 100°, 
and those two values lead to a dipole moment of 2-OD, compared 
with the observed 2T3D, based on the assumption that the O—H 
bond moment is the same as in water, and that in the latter substance 
the oxygen angle ^® is 105°. Similar application of wave-mechanical 
methods to the hydrazine molecule indicates that it has a structure 
analogous to that of hydrogen peroxide; the nitrogen valency 
angle is about 110°, and the two planes containing nitrogen atoms 

H 

and bisecting one of the two angles are perpendicular to 

one another. From the known dipole moment of ammonia and the 
dimensions of the molecule,®^ the moment of the N—H Knk is 
found to be 1*3I>, and the value being assumed to be the same in 
hydrazine, the moment of the latter is calculated as T70D, on the 
basis of the configuration suggested; this result is in satisfactory 
agreement with the observed value 1-83D. 

Some confirmation of the stereochemistry of certain elements in 
the second and third groups of the periodic classification has been 
obtained from dipole-moment data. The moment of boron tri¬ 
chloride is zero in solvents with which it does not combine,®® and 
hence this compound probably has a symmetrical planar structure, 
the valency angle being 120°. This conclusion is in agreement with 
that reached from a study of the diffraction of electrons by boron 
trichloride.®® Aluminium bromide has a very small dipole moment 

E. P. Linton and O. Maass, Canadian J. Res,, 1932, 7, 81; A,, 1933, 8. 

W. TheUacker, Z, physikal. Chern,, 1933, [B], 20, 142; A,, 1933, 338; 
see also E. C. E. Hunter and J. R, Partington, J., 1932, 2817; A,, 1933, 210. 

W. G. Penney and G. B. B. M. Sutherland, Trans. Faraday Soc., 1934, 
80, 898; J. Chem. Physics, 1934, 2, 492; A., 1934, 1168. 

B, M. Dennison and Q. E. Uhlenbeck, Physical Rev., 1932, [ii], 41, 313; 
A., 1932, 982. 

H. Ulich and W. Hospital, Z. EleUrochem., 1931,87, 569; .4,, 1931,1213. 

R. Wierl, loc. cit., ref. (17). 
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in carbon disulphide solution,®®. but as it consists largely of 
double molecules in this solvent,®® its structure is probably 

represented by ^Al<^ although there is no means of 

Bi‘ ^Br ^Br 

deciding between planar and tetrahedral configurations. The 
moments of beryllium chloride and bromide in benzene are stated 
to be zero : if this is so, then in the bicovalent state the molecules are 
linear. From observations with diethylmercury and diphenylmer- 
cury,®® it appears that these substances have small but probably 
definite moments; it is suggested that the compounds have a linear 
stnicture, but that flexibility of the bonds leads to the setting up of 
a resultant moment. Some confirmation of this view is said to be 
obtained from the molecular dimensions of dibromodiphenylmercury, 
calculated from electron-diflraction measurements; the results 
are believed to be compatible with a swing of 30° of the —CgH 4 Br 
groups on either side of a straight line through the mercury atom. 
The whole subject appears to be worthy of further investigation. 

S. G. 


C. B. Allsop. 

8. Glasstone. 

E. B. Maxted. 
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w. Nespital, Z, physikal. Chem,, 1932, [iij, 16, 153; d., 1932, 447. 

H. Ulich, Bodenstein Festband, 1931, 423; d., 193J, 1229. 

E. Bergmann and W. Schiitz, ibid., 1932, [BJ, 19, 401; d., 1933, 210; 
G. C, Hampson, Trans. Faraday Soc., 1934, 30, 877; d., 1934, 1157; W. J. 
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INORGANIC CHEMISTRY. 

1. The Periodic Table. 

In the Mendeleef Centenary Lecture deli^fered bolore the C'hemical 
Society by Lord Rutherford ^ a striking tribute was paid to the 
genius of Dimitri Ivanovitch Mendeleef, who was born on February 
7th, 1834. It was very fitting that the lecturer himself should have 
been intimately associated with those outstanding developments 
which have given a new meaning to MendeMef’s famous law of the 
elements. 

Since the Periodic Law was first enunciated, the periodicity of 
the elements has been fully confirmed, and although new discoveries 
have from time to time demanded modification of the original 
statement of the law, yet the fundamental ideas still remain 
essentially as Mendeleef set them forth, it is well known that 
interest in Mendel6ef’s generalisation was not fully aroiised until 
the discovery of gallium in 1875 and scandium in 1879. The fact 
that these elements possessed the properties predicted by Mendcldef 
for eka-aluminium and eka-boroii was very impressive, and further 
discoveries of new elements made it clearer still that the Periodic 
Law was a fundamental truth. Some twelve years ago six elements 
out of the possible ninety-two in the Periodic Table were still 
unknown, Bohr’s theory of atomic structure led in 1923 to the 
isolation from zirconium minerals of element 72, which was named 
hafnium, after Hafnia, the ancient name of Copenhagen.^ In 
1925 the elements 43 and 75 were found and named masurium and 
rhenium respectively,^ and in 1926 the discovery of the rare earth 
fil was announced.'* The last of the missing elements, 85 and 87, 
provisionally called eka-iodine and eka-csesium, were stated to 
have been detected ^ in 1931—32. Three years ago, therefore, it 
seemed that the phase of chemistry dealing with the discovery 
of new elements had come to an end. It cannot be said, however, 
that in every case these more recent discoveries have met with 
general acceptance. In particular, a number of writers have 
questioned the significance of the evidence upon which the existence 
of elements 61, 85, and 87 is based. In this Report an attempt 
is made to state the evidence for and against these discoveries so 

1 J., 1934, 635; A., 1934, 713. 2 Ann. Beporta, 1923, 20, 45. 

® Ihid., 1925, 22, 63. * Ibid., 1926, 23. 61. « Ibid., 1932, 29. 300. 
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that the reader may judge whether criticism is justified or not. 
Reference is also made in the following pages to elements 43 and 
91, and some recent work on elements of atomic number higher 
than 92 is discussed. 

Since the time of Moseley’s work, which showed definitely that 
an element should exist between neodymium (at. no. 60) and 
samarium (at. no. 62), numerous papers have been published dealing 
with element 61. In 1917 J. M. Eder ® deduced from an examination 
of the arc spectrum of samarium that his material might contain 
traces of a new element, but when W. Prandtl and A. Grimm ’ in 
1924 carried out an exhaustive fractionation of the cerium earths 
they failed to obtain any indication of an element 61. Two years 
later, however, the search for the new element appeared to have 
met with success, for J. A. Harris, L. F. Yntema, and B. S. Hopkins ® 
announced that they had found weak optical absorption bands 
from a material obtained by the fractionation of large quantities 
of neodymium and samarium salts, and that these bands must be 
attributed to element 61. Further, they stated that they had 
obtained in the X-ray emission spectrum of their preparation a 
weak but perceptible line which they claimed was the line of 
element 61, The mean value for this line agreed within 0*0004 A. 
with the value calculated from Siegbahn’s precision values, although 
the differences ranged from + 0*0026 to ~ 0*0047 A. It was held, 
therefore, that element 61 had been discovered, and the name 
‘‘ illinium ” was proposed for it. Shortly afterwards, L. Rolla 
and L. Fernandes ^ claimed priority of discovery, as they maintained 
that they had observed the absorption bands, ascribed to element 
61, before Hopkins and his collaborators. R. J. Meyer and R. 
Glocker and their respective co-workers also believed that they 
had detected element 61 in the difficultly soluble bromate fractions 
of rare earths, and proved its presence by three lines in the K 
series of X-ray lines. At this period one gains the impression that 
several groups of investigators had simultaneously discovered the 
missing element. J. M, Cork, C. James, and H. C. Fogg even 
stated that they had produced a sample of iiuiterial containing 
P/o of the new element which gave seven lines of the L series of 
illinium. These findings, however, did not pass without criticism. 

* i^itzungsber. Akad. Wiss. Wien, 1917, Ila, 125; A., 1917, ii, 185. 

’ Z. anorg. Chern,, 1924, 136, 283; A„ 1924, ii, 615. 

» J, Amer. Chern, Soc,, 1926, 48, 1585, 1594; A., 1926, 810, 780. 

• Gazzetta, 1926, 56, 435; A., 1926, 1083; Atii It. Accad. Lincei, 1926, [vi], 
4,498; A., 1927, 190. 

R. J. Meyer, G. Schiimachor, and A. Kotowski, Naturwiss,, 1926, 14, 771. 

IT. Delilinger, R. Glockcr, and E. Kaiipp, ibid., p. 772. 

Proc. Nat. Acad. Sci., 1926, 12, 696; A., 1927, 190. 
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Especially noteworthy is a paper by W. Prandtl in which a 
detailed examination is made of the evidence upon which Hopkins 
and his co-workers based their discovery of element 61. Prandtl 
shows that the absorj)tion bands mentioned by Hopkins as occurr¬ 
ing with neodjrmium salts in dilute solutions were intensified when 
a small quantity of neodymium nitrate was added to a large amoimt 
of samarium nitrate. Consequently, these bands did not arise from 
a new element lying between neodymium and samarium. More¬ 
over, he maintained that the X-ray investigation of the rare-earth 
mixture was carried out in an apparatus unsuitable for the purpose, 
and that the so-called and h. lines of element 61 were really 
due to small amounts of platinum, barium, and bromine. It is 
interesting that later investigators have failed to obtain any evidence 
for element 61. In 1931 S. Takvorian reported that no lines 
attributable to element 61 could be observed from an examination 
of the rare earths from Indian monazite. (Frau) I. Noddack in 
1934 in an important communication recorded the results of an 
extensive investigation at the Physikalisch Technischen-Reichs- 
anstalt on the problem of element 61. At the request of various 
workers, over a period of eight years, she and W. Noddack have 
examined fifteen preparations by X-ray spectroscopy for the 
presence of element 61. In none of these preparations was any 
trace of this element found. Further, 100 kg. of rare earths from 
various sources were worked up for fractions between neodymium 
and samarium without giving any indication of the required element. 
Again, an investigation by X-ray methods of the rare-earth fractions 
from the Auergesellschaft which had been obtained from very large 
quantities of monazite did not afford, after very exhaustive fraction¬ 
ation, any evidence of element 61. (Frau) I. Noddack expresses 
the opinion that, if one surveys the negative results from so many 
investigations, one must conclude that there is not sufficient evidence 
in the literature since 1926 to say that this element has been dis¬ 
covered, and it must be admitted that this conclusion is a reasonable 
one. 

Apart, however, from the controversial question whether element 
61 has ever been detected, it is interesting to speculate why this 
element does not occur in quantity in rare-earth mixtures. (Frau) I. 
Noddack suggests that its absence may be due to its instability. 
Samarium (at. no. 62) is radioactive, according to G. von Hevesy 

Z, <mgew. Chem.^ 1926, 39» 897; W. Prandtl and A. Grimm, p. 
1333; A., 1927, 9. 

« Compt. rend., 1931,198. 1220; A., 1931, 783. 

Z. angew. Chem., 1934, 47, 301; A., 1934, 853. 

1* G. von Hevesy and M. Pahl, Nature, 1932, 180, 846; A., 1933,4. 
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and others, and loses an a-particle. May it not be that element 61 
also is radioactive, losing a p-particle, whereby its concentration 
in the lithosphere may become so small that it would no longer be 
detectable by the methods so far employed ? Or again, may not 
element 61 have a marked tendency to exhibit bivalency, for both 
samarium (at. no. 62) and europium (at. no. 63) are bivalent in 
some of their compounds ? To test this theory (Frau) I. Noddack 
has explored the possibility that element 61 may be present 
in minerals containing the alkaline earths, but so far, without 
success. 

In the search for element 85, the idea that it may result from a 
radioactive decomposition has not been overlooked. It is obvious 
that it may be produced by the loss of two a-particles from actinium 
(at. no. 89) or by the expulsion of a p-particle from polonium (at. 
no. 84), and with these ideas in mind G. von Hevesy and R. Hobbie 
have worked up a kilogram of Katanga pitchblende. The combined 
process of concentration and examination by X-ray spectroscopy 
makes it possible to detect less than 10-*^ g. of the element, but even 
this could not be found. It will be mentioned later that F. Allison 
and his colleagues claim to have found elements 85 and 87. 

Numerous attempts have been made to discover the elusive 
element 87, and a wide range of methods has been employed in 
the search. P. R. Gemiete has prepared an excellent summary 
of the results obtained up to 1933. The positive results are few 
and include the observations made by J. Papish and E. Wainer 
in 1931. It will be recalled that these investigators prepared 
from 10 kg. of samarskite, rich in uranium, a caesium preparation 
which they stated showed the X-ray lines of element 87. They 
heated the mineral to 1000'^ in a stream of hydrogen chloride, 
collected the sublimate, and converted it into sulphates, which 
were purified and fractionally crystallised as alums. The least 
soluble fractions were examined in a Siegbahn apparatus of high 
dispersion. As an example of the results obtained, the line 
for element 87 calculated to be 0-8524 was found as 0*853 A, L. L, 
Barnes and R. C. Gibbs then examined by positive-ray methods 
a caesium alum prepared from the samarskite used by Papish and 
Wainer. They obtained a result which confirmed the existence of 
element 87, but the intensity of the important lines was very feeble. 
So far, no other investigator has been able to obtain similar results. 
(Frau) I. and W. Noddack,using various caesium-containing 
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minerals, have failed to isolate any preparation that gives the 
X-ray lines required for element 87, and K. T. Bainbridge,^^ employ¬ 
ing a Dempster spectrograph, has examined caesium chloride, made 
from pollucite and from lepidolite mica, with negative results. 
Element 87 has also been looked for as a secondary product from 
the disintegration of radioactive substances, but again without 
success. Theoretically, it may arise from element 89 (meso- 
thorium-II) by loss of an a-particle, or from element 86 (radon) 
by emission of a P-ray. Experiments by G. von Hevesy and 0. 
Hahn and O. Erbacher to test these possibilities have pelded 
negative results. The only other positive result comes from the 
use of a magneto-optic method, which is based on the researches 
of J, W. Beams and F. Allison on the Faraday effect.^^ This effect 
is the well-known phenomenon that the plane of polarisation of 
light is rotated by a liquid when this is placed in a magnetic field. 
It has generally been assumed that the Faraday effect does not 
lag behind the application of the magnetic field. J. W. Beams 
and F. Allison maintain, on the contrary, that there is a retardation, 
and their conclusions are based on this assumption. They have 
utilised their method for the detection of cations in analytical 
chemistry and also claim to have found evidence of elements 
85 and 87 in minerals such as lepidolite and pollucite. P. R, 
Gennet^,^® in a critical examination of the value of this method, 
concludes that the results of Allison and his collaborators must be 
accepted with the greatest reserve. It is not without interest to 
find that last year J. Papish and A. C. Shuman tested the apparatus 
used by Allison and reported unfavourably on it. Finally, it may be 
mentioned that (Frau) I. Noddack expresses the opinion that the 
results obtained by the magneto-optic method are definitely specula¬ 
tive and considers that the discovery of element 87 by Papish is 
not yet substantiated. It must be concluded that the evidence 
for the discovery of elements 85 and 87 is not very substantial, 
and that elements 61, 85, and 87 still afford ample scope for the 
investigator. 

No account of the Periodic Table would be complete without 
some reference to element 43, named masurium. Although 
masurium was discovered at the same time as rhenium, there is a 
remarkable difference in their subsequent history. Very little 
is known even now about masurium, but the chemistry of rhenium 

Physical Rev., 1929, [ii], 34. 752; A,, 1929, 1210. 
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is considerable and rapidly developing. W. Noddack, (Frl.) I. 
Tacke, and 0. Berg estimated that the lithosphere contained 
10-13 of masurium and IO -12 of rhenium compared with 7 X lO-i^ 
of manganese and 10 -2 of iron. Their later revised estimate sug¬ 
gested that the two elements masurium and rhenium were present 
in equal amounts as 10~®. This assumption makes it still more 
extraordinary that so little progress has been made with the study 
of masurium. The German investigators detected masurium by 
X-ray spectroscopic analysis in platinum ores, columbite, sperrylith, 
gadolinite, and fergusonite, and laterin tantalite and possibly 
in chrome iron ore, olivine, and pitchblende. They examined 
1800 minerals and 21 meteorites for the elements 43 and 75. The 
evidence for the discovery depends on the identification of the 
^a,» A'Hd Hnos in the A'^-ray spectra. The wave-lengths 
found were 0*672, 0*675, 0*601, and the calculated values were 
0*6734, 0*6779, and 0*600 A. respectively. Although the observed 
values are not identical with the calculated, they may be regarded 
as strong evidence of the presence of masurium, since there are no 
other elements which could give these results. The most successful 
attempt to obtain masurium has been made by W. and (Frau) I. 
Noddack, 23 wlio isolated a sulphide product containing 0*2—1% 
of masurium during an investigation of columbite. Although this 
was insufficient for an examination of the chemical properties of 
masurium, it served for the identification of the optical arc and spark 
spectral lines. (Certain observers have had evidence of the presence 
of masurium in rhenium concentrates. For example, J. Hey- 
rovsky and V. Dolejsek stated that, in their polarographic studies 
of manganese salt solutions with the dropping-mercury cathode, 
they noted a wave at — 1*15 volts in the deposition-potential 
curves, which they ascribed to masurium. There seems no reason 
to doubt the existence of element 43. J. G. F. Druce 3i has made 
the interesting suggestion that some rhenium preparations may be 
contaminated with masurium, and that this may account for some 
of the discrepancies in the observations and deductions of different 
investigators. 

The important additions to our knowledge of protoactinium 
which have been made in recent years are the justification for this 
special reference to element 91. It will be recalled that this element 

Naturwiaa.y 1925, 13, 667; Sitzungsher. preuss. Akad, Wias. Berlin, 1925, 
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—^the eka-tantalum of Mendel4ef—^was discovered independently 
and almost simultaneously by O. Hahn and L. Meitner in 1917 and 
by F. Soddy and J. A. Cranston in 1918. Not until 1927, however, 
was the element available in a weighable amount. In that year 
A. von Grosse,®^ in the Kaiser Wilhelm Institut fiir Chemie, isolated 
2 mg. of pure Pa 205 , and in 1928,®® carrying out a large-scale pre¬ 
paration, he obtained 9 mg. of pure oxide. As protoactinium has a 
half-value period of about 22,000 years, it is obvious that the element 
should be available in much larger quantity if sufficient starting 
material is used. In 1934 G. Graue and H. Kading,®^ working in 
0. Hahn’s laboratory, reported that by working up 5-5 tons of 
Joachimsthal radium residues they had prepared pure K 2 PaF 7 
containing 0*5 g. of the element, and A. von Grosse and M. S. 
Agmss,®® at the same period, described their process whereby they 
had obtained 0*1 g. of oxide. It will be realised that the develop¬ 
ment of the process for the isolation of these compounds has furnished 
valuable information concerning the chemical behaviour of this 
element. The details of the method of extraction used by these 
investigators have been published, but a working description for 
the preparation of pure protoactinium compounds cannot be 
given in a few sentences. It may, however, be of some interest 
to outline, briefly, the principal stages in the process used by von 
Grosse.®® 

Natural uranium minerals contain 8 g. of protoactinium for every 
10 g. of radium, and during the process for radium extraction 
the protoactinium accumulates in the residue, which provides a 
better starting material than that found in nature. This final 
residue, the so-called Muckrilchsf^nds from Joachimsthal, has the 
average composition : SiOg, 60; FegO;^ 22; PbO, 8; AlgOg, 5; 
MnO, 1; CaO, 0-6; MgO, 0*5%. It also contains small quantities 
of titanium (0-3%), zirconium (0*1%), and hafnium, together with 
many other elements. The average protoactinium content is 
300 mg. of PagOs per metric ton (a concentration of 1 : 3,000,000), 
whereas the richest pitchblendes contain only 200 mg. per ton. 
The plant process is carried out in three main stages. In the first 
stage, treatment with hot hydrochloric acid (25%) extracts from 
the Rilckruchstande the iron, the more basic oxides, and most of 
the lead, leaving a protoactinium concentrate consisting chiefly 

Nature, 1927, 120, 621; A,, 1927, 1120; Naturwies., 1927, 15, 766; A„ 
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of silica and small amounts of zirconium, titanium, and other less 
basic oxides. This concentrate is fused with sodium hydroxide, 
and the silica is converted into sodium silicate, which is extracted 
with water. The residue, containing most of the protoactinium, 
is dissolved in acid, and silica (from the insoluble silicates) is pre¬ 
cipitated. Soluble zirconium salts and phosphoric acid are now 
added to this acid filtrate, and the protoactinium is precipitated 
together with zirconium phosphate. The precipitated silica, which 
contains 70% of the protoactinium, is extracted with sodium 
hydroxide solution (20%), the residue dissolved in hydrochloric 
acid, and the protoactinium precipitated from acid solution in 
the usual way with zirconium phosphate, ZrP 207 . A characteristic 
reaction of protoactinium is its complete coprecipitation with 
zirconium phosphate. This process of A. von Grosse was modified 
by G. Graue and H. Kiiding,^ whereby important changes were 
made in the sequence of the operations—fusion of the Biickruck- 
stande wdth sodium hydroxide preceded the extraction with hydro¬ 
chloric acid. Graue and Kiiding discuss in detail the further 
treatment of the precipitated zirconium phosphate. It is really 
a complicated problem of the separation of a tantalum-zirconium- 
protoactinium mixture. The separation of protoactinium from 
the carrier substance, zirconium phosphate, is effected by crystal¬ 
lisation of ZrOCl 2 from a hydrochloric acid solution, whereby the 
protoactinium in the filtrate is enriched. The final purification is 
eiSFected by the alternate use of the zirconium and the tantalum 
reactions, and ultimately the protoactinium is isolated as K 2 PaP 7 
which gives no X-ray spectrum of foreign elements. To obtain the 
oxide, Pa 205 , this complex fluoride is heated with concentrated 
sulphuric acid, ammonia is added to precipitate the hydroxide, 
and this is ignited to the oxide. 

The element has been isolated by A. von Grosse by bombarding 
the oxide on a copper target with a stream of electrons in a high 
vacuum. The use of 35,000 volt-electrons for a few hours at a 
current strength of 5—10 milliaraps. splits the oxide into oxygen 
and the metal, the latter remaining as a shiny, partly sintered, 
metallic mass, stable to air. Another method for the preparation 
of the element is to decompose the halide in a high vacuum on an 
electrically heated tungsten filament according to the reaction : 

2PaX5 = 2Pa + fiXg 

The protoactinium forms a shiny, greyish-white, partly molten 
deposit on the filament. The metal does not oxidise in air, in 
expected contrast to metallic radium, and retains its lustre for an 

87 4wen Chem. Soc„ 1934, 56, 2200; 4„ 1934, 1319. 
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appreciable time. The pentachloride can be prepared readily at 
560® by reaction of the oxide with carbonyl chloride : 

Pa^Os + 5COCI2 = 6CO2 + 2PaCl5 

The pentachloride sublimes in transparent, nearly colourless, long 
needles. The chloride melts to a pale yellow liquid at 301®, but 
sublimes appreciably below its melting point. The complex fluoride, 
KgPaF^, crystallises in colourless long needles, very sparingly 
soluble in water containing hydrofluoric acid (0*5%). They are 
stable in air and can be dried to constant weight at 20® or 100°. 

A survey of the analytical reactions of protoactinium proves 
definitely that the oxide PagOs is basic, in contrast to the pentoxides 
of tantalum, niobium, and vanadium, which are acidic or amphoteric. 
This is illustrated by the fact that when a zirconium-protoactinium 
mixture containing tantalum is fused with potassium carbonate, 
the tantalum goes, at least partially, into solution, whilst the 
protoactinium remains in the residue. Protoactinium is evidently 
less basic than zirconium, for when an acid solution of zirconium 
chloride containing a low proportion of protoactinium reacted with 
an ice-cold solution of ammonium carbonate, some 12% of the zir¬ 
conium but only 0*8% of protoactinium dissolved. 

The importance of this work on protoactinium is not restricted 
to the fact that it extends in a most interesting way our knowledge 
of the chemistry of the elements of Group V. It also gives us new 
knowledge about the element which is the direct mother-substance 
of actinium, and enables us, for the first time, to determine this 
important atomic weight. The simplest and most accurate way 
of obtaining this atomic weight would be by a mass-spectrograph 
analysis. In view of F. W. Aston’s success with the fluorides 
of uranium, tantalum, and niobium, the fluoride PaF 5 w^ould no 
doubt be very suitable for the purpose, but unfortunately its pre¬ 
paration is excluded by the relatively large quantity of starting 
material required. However, using the chemical method, whereby 
the ratio KgPaF^ : PagOs was determined, A. von Grosse has 
found that the atomic weight is of the order 230-6, with an accuracy 
of dz 0-6 unit. This value is in complete agreement with F. W. 
Aston’s results on actinium-lead (Ac-Z) = 207) obtained by the 
mass spectrograph. For the chemist, this atomic-weight determin¬ 
ation has a peculiar interest, as it adds a fourth to the three well- 
known anomalies of atomic weights, cobalt-nickel, argon-potassium, 
tellurium-iodine. Thorium (at. no. 90), which precedes proto- 
actinium, has an atomic weight of 232*1. 
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A careful study of the Periodic Table must raise the pertinent 
question why the system of elements should end so abruptly at 
uranium. It is most remarkable that this element, which is con¬ 
sidered to have the highest possible atomic number, should have an 
exceedingly long life, although radioactive, and should be by no 
means rare. It was, therefore, with unusual interest that in 1934 
the announcement was received from Rome that E. Fermi,^ in¬ 
vestigating the products of neutron activation of various elements, 
had reported the possibility that an element of atomic number 
exceeding that of uranium had been obtained. In a later com¬ 
munication,^^ Fermi expresses the opinion that further experiments 
made by himself and his collaborators support the hypothesis that 
the 13-minute and 100-minute induced activities of uranium 
are due to transuranic elements. He states that the simplest 
interpretation consistent with the known facts is to assume 
that the 15-second, 13-minute, and 100-minute activities are chain 
products, probably with atomic number 92, 93, and 94 respectively 
and atomic weight 239. Fermi's interpretation has been subjected 
to criticism by various writers,^^*^^ but it must be emphasised 
that the work of Fermi and his school is carried out with great 
care and considerable ingenuity, and that the conclusions which 
they draw are tested, wherever possible, by a variety of chemical 
and physical experiments. The reader will naturally enquire at 
this stage whether elements of atomic number greater than 92 
have ever been definitely identified. The answer must be that, 
although there are indications that such elements may be formed 
by neutron activition of uranium, yet the principal workers in this 
field are careful to emphasise the difficulty of obtaining conclusive 
proof. 

About the same time as Fermi's announcement in 1934, 0. 
Koblic stated that he had obtained in considerable quantity from 
Joachimsthal pitchblende a pure silver salt, AgX 04 , where X was 
element 93. He described the properties of the element and its 
compounds, estimated its atomic weight as 240 from an analysis 
of this silver salt, and suggested the name “ bohemium for the 
new element. Certain of the compounds were then submitted 
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to (IVau) I. Noddack for report, A chemical and X-ray investiga¬ 
tion of the supposed silver and thallium salts RXO 4 revealed that 
element 93 was entirely absent, and that these substances were 
mixed salts of silver or thallium vanadate and tungstate with excess 
of tungstic acid. This claim to the discovery of element 93 has 
consequently been withdrawn. S. R. C. 

W. W. 

2. Some Elements and Compounds. 

Despite the ever-increasing mass of published work, it is not 
always realised that our knowledge of some of the most familiar 
inorganic substances is far from complete, and that there still 
remains much to discover about some of the best-known elements 
and compounds. It is only recently, by the use of refined physical 
methods, that an insight has been obtained into the detailed structure 
of sulphur and phosphorus, and that the constitution of bleaching 
powder has been elucidated. Again, during the past few years, 
important extensions have been made to the fundamental chemistry 
of common elements such as nitrogen and sulphur, for, by the 
utilisation of improved appliances and new experimental technique, 
a number of simple derivatives of great theoretical interest have 
been isolated. Finally, the application of modern theoretical ideas 
to the problems of valency and chemical combination has resulted 
in striking developments in the field of molecular structures. In 
this section of the Report an attempt is made to deal with specific 
examples of advances in these various directions. 

It is well known that below 96*^ sulphur is stable in the ortho¬ 
rhombic form, and the chemical evidence strongly suggests the 
existence of an molecule in rhombic sulphur. An X-ray in¬ 
vestigation ^ has shown that the structure of rhombic sulphur is 
definitely molecular. The Sg molecule is a puckered 8 -atom ring 
which may be considered as made up of two squares, one turned 
45'' with respect to the other (Fig. 1 ). The planes of the two squares 
are separated by 1*15 A., the S-S distance is 2-12 A., and the bond 
angle is 105°. The closest distance of approach of atoms in neigh¬ 
bouring molecules is about 3*3 A. A study of the high-temperatme 
forms of sulphur has also been made by J. J. Trillat and K. H. 
Meyer. It is common knowledge that when sulphur is heated to 
170° it becomes highly viscous and if cooled, say, by being plunged 
into water, an amorphous plastic product results. If threads of 
this amorphous product are stretched, they show double re¬ 
fraction, and J. J. Trillat and H. Forestier ^ have found that they 
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give a fibre-diagram. K. H. Meyer and Y. Go ^ deduce from an 
examination of this diagram that the sulphur atoms are arranged 
in long chains linked by covalencies arranged parallel to the direction 
of stretching (Fig. 2). The relationship between rhombic and elastic 
sulphur which these results disclose is most interesting, but the 
detailed mechanism whereby rhombic sulphur is converted into 
elastic sulphur is still under discussion. 

An important potential source of sulphur is the sulphur dioxide 
liberated in the course of many industrial processes. During the 
roasting of zinc, copper, lead, and nickel ores, for example, very 
large amounts of sulphur are lost in the form of the dioxide. The 
problem of obtaining sulphur from such waste gases has been under 



consideration at Dillingham, and, as a result, a valuable process 
has been evolved, which M. P. Applebey has described in a recent 
paper.^ Researches, extending over some years in the laboratories 
of Imperial Chemigal Industries Ltd., have solved the diflBculty of 
concentrating sulphur dioxide from metallurgical gases, containing 
3—7% SOg, by the ingenious method of using a sulphite-bisulphite 
buffer system which can be regulated to have a moderately high 
in the cold and a much lower one when hot. This is achieved 
by the addition of a substance such as an aluminium salt, the 
hydrolysis of which is much increased by rise of temperature. It 
has been further demonstrated that the almost pure sulphur dioxide 
so obtained may be nearly quantitatively reduced by coke in accord¬ 
ance with the equation : 

SOg + C = COg + S 

This reaction, which has been known for a long time, though 
generally overlooked by the text-books, furnishes a sticking example 
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of sulphur dioxide as an oxidising agent. The reduction, which 
takes place very rapidly and almost completely at 1100®, is exo¬ 
thermic, so no external energy has to be supplied when the requisite 
temperature has been attained. M. P. Applebey deals with the 
far-reaching possibilities that arise from this successful process, 
and the impression is gained that these developments are probably 
the most important which have been made in the heavy chemical 
industries for some considerable time. 

The reaction between sulphur dioxide and oxygen in aqueous 
solution, with or without the presence of alkali, has recently become 
of practical importance in relation to the problem of removing 
sulphur dioxide from the flue gases of power stations. A review 
of previous work showed that the mechanism of the reaction was 
obscure, especially with regard to the possible effect of surfaces. 
In an important series of papers, R. C. Hoather and C. F. Goodeve ® 
have recorded the results they have obtained from a detailed in¬ 
vestigation of this subject. 

The formation of dithionate by the oxidation of sulphurous acid 
and sulphites is dealt with in a comprehensive study by H. Bavssett 
and A. J. Henry.® They find that oxidation of sulphurous acid 
and of sulphites by chlorine, iodine, and hydrogen peroxide yields 
but ver}?^ small amounts of dithionic acid, and this is realised only 
under acid conditions. Oxygen gives dithionate in amounts which 
may be large. The yield depends on the sulphite concentration 
and the acidity. During the photochemical decomposition of 
sulphurous acid into sulphuric acid and sulphur, no dithionate 
appears to be formed. The theoretical considerations involved 
in the different reactions are carefully discussed. 

In a previous Report an account was given of the preparation 
of sulphur monoxide by an electric discharge in a mixture of sulphur 
dioxide and sulphur vapour at low pressures. P. W. Schenk ha© 
now shown that it is possible to obtain a gas containing 40% of 
sulphur monoxide, mixed with the dioxide, by the direct com¬ 
bustion of sulphur. K. Heumann ® in 1883 had observed that 
sulphur at 200® was slowly oxidised, with a feeble phosphorescence, 
and that a peculiar smell was noticed which he ascribed to sulphur 
monoxide. He tried unsuccessfully to prove the existence of the 
monoxide by leading the gas into alkali. Schenk ^ now finds that 
oxidation of sulphur with air at atmospheric pressure gives only a 
small concentration of monoxide when determined spectroscopically, 

® Tram. Faraday 8oc,, 1934, 30, 626, 630, 1149, 1156; .4., 1934, 1086. 1167; 
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but, by operating at low pressures with oxygen, concentrations 
up to 40% of monoxide may be obtained when the optimum temper¬ 
ature for the reaction has been realised. This optimum temperature 
must be determined experimentally. At pressures of 30, 8 , and 
5 mm., the yields of sulphur monoxide have been found to be 
7, 30, and 40% respectively. Pressures of oxygen lower than 
5 mm. cannot be used, as the sulphur flame is extinguished. In a 
recent communication C. W. Montgomery and L. S. Kassel ^ calculate 
the equilibrium constants for the following reactions from spectro- 
8 (^opic data : 

(a) 2SO - K -I- Oo, (h) 2SO - SOg + 

They find that, at very low temperatures, the equilibrium lies 
right over on the left in reaction (a). In reaction (h) they report 
that an appreciable vapour pressure of sulphur monoxide only 
comes into equilibrium with the dioxide and sulphur at about 
2000° Abs, These findings are in agreement with the qualitative 
observations made by Schenk. As the temperature of the sulphur 
flame is so low, an equilibrium position in the sense of the reaction 
(b) is not attained. It follows, therefore, that the sulphur monoxide 
formed in (a) is removed from the sphere of reaction before the 
equilibrium required by ( 6 ) is operating. Schenk has studied, 
by density determinations, the decomposition which sulphur 
monoxide undergoes into sulphur and sulphur dioxide. His results 
show, from the pressure changes observed, that when sulphur 
monoxide is decomposed according to reaction (b), 64% of tlie sulphur 
monoxide molecules are associated to (SO) 2 . 

Although the existence of a tetroxide of sulphur has been sus¬ 
pected by various investigators, it has only recently been isolated. 
R. Schwarz and H. Achenbach have now prepared it by the 
action of the glow discharge on a mixture of sulphur dioxide and 
oxygen (in the proportion 1 : 10) at 0*5 mm. pressure. The reaction 
products are passed through two vessels cooled in liquid air, a 
white solid being obtained. This is freed from sulphur dioxide 
and ozone by warming to — 30° in a current of oxygen, the tetroxide 
then remaining. The yield from an experiment lasting six hours 
is 0-1 g. Sulphur tetroxide is a white solid which begins to de¬ 
compose at — 5° with evolution of oxygen, and at 3° it melts with 
decomposition, giving oily drops of S 2 O 7 . By the freezing-point 
method a molecular-weight determination in pure sulphuric acid 
gave a value 95 in close agreement with 96 required by the simple 
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formula SO 4 , Schwarz and Achenbach suggest the structural 

formula oxide. Although theoretically this 

tetroxide could be the anhydride of permonosulphuric acid, there 
is no evidence that it will undergo hydration to H 2 SO 5 . When 
the tetroxide is dissolved in dilute sulphuric acid at 0 ®, slow de¬ 
composition takes place with oxygen evolution, but no HgSOr, 
appears to be formed. This inability to become hydrated is 
attributed by Schwarz and Achenbach to the co-ordinative saturated 
character of the sulphur. Sulphur tetroxide is an excellent oxidising 
agent: it will oxidise aniline to nitrobenzene, and bivalent manganese 
to the septavalent state. 

A. H. Spong has concluded that ordinary sulphur monochloride 
is probably a mixture of the two forms ( 1 ) S--S<^qJ and ( 2 ) C1*S*S*C1. 

G. Giacomello has now studied the reaction of phenol and of 
p-naphthol with sulphur monochloride in benzene. From the 
reaction with phenol he isolated one compound with the probable 
structure PhO*S*S‘OPh, and from the p-naphthol reaction the 
derivative CioH 7 * 0 *S* 0 *C 2 oH 7 . On the other hand, from p-chloro- 
phenol he obtained two products CgH 4 Cl* 0 *S’S’ 0 ’CgH 4 Cl and 
C(}H 4 C 1 * 0 ‘S' 0 *C 6 H 4 C 1 . These results are entirely in agreement 
with the view that sulphur monochloride is a mixture of ( 1 ) and ( 2 ), 
and if this view is correct, then the hypothetical thiosulphurous 

acid should exist in two isomeric forms ( 1 ) and 

( 2 ) HO‘S*S*OH. F. Lengfeld some 40 years ago examined 
the action of alcohol-free sodium methoxide or ethoxide on a well- 
cooled solution of sulphur monochloride in light petroleum. He 
obtained one ester, in each case as a colourless oil. A. Meuwsen 
now claims that two isomeric esters can be isolated, one similar to 
the colourless oil of Lengfeld, and the other a greenish-yellow oil 
of different constitution but of the same molecular weight. The 
colourless oil he considers to have the constitution OR*S*S*OR 
whereas to the other ester he assigns the formula S—S(OR) 2 . 

H. Stamm maintains, however, that Meuwsen’s greenish-yellow 
ester is merely Lengfeld’s colourless ester contaminated with about 
2*5% of sulphur monochloride, and this would account for the 
chemical and physical differences which have been noted. 

R. Scholder and G. Denk have prepared the first salt of the 
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hypothetical sulphoxylic acid, HgSOg. When aqueous solutions 
of cobaltous chloride and sodium hyposulphite {Na 2 S 204 ) reacted 
in the presence of ammonia, ethylenediamine, or pyridine, a dark 
red solution was formed which, on dilution with water, gave a 
dark brown flocculent precipitate of cobalt sulphoxylate, 
CoSOgj^t^HgO, probably in a polymerised form. 

A, M. Middleton and A. M. Ward have investigated the com¬ 
position and properties of precipitated nickel and cobalt sulphides. 
They find that, with air exclusion, the sulphides formed are 
Ni(SH) 2 , Co(SH) 2 , and Co(SH) 3 , which yield NiS, CoS, and Co^S^ 
when dried in nitrogen. In the presence of oxygen, however, 
variable addition takes place, initially at the sulphur atoms in 

accordance with the scheme Ni^S^^j 2 > This is 

accompanied by intramolecular rearrangement. Drying of the 
oxygenated sulphides results in a partial elimination of hydrogen 
sulphide and water, and further oxygenation may proceed. The 
dried and the undried oxygenated sulphides are the substances 
usually obtained in qualitative analytical procedure. 

Although a peroxide of nitrogen appears to be formed by the 
action of a silent discharge on a mixture of oxygen and nitrogen 
dioxide,* its existence has hitherto only been indicated by a change 
in colour of the mixture and the appearance of certain characteristic 
spectral lines. Now% however, R. Schwarz and H. Achenbach 
have succeeded in preparing pure nitrogen trioxide, NO 3 , and 
examining its properties. The apparatus they employed was 
essentially the same as that used by them for their successful 
synthesis of sulphur tetroxide. A mixture of nitrogen dioxide and 
oxygen in the proportion 1 :20 at a pressure of 1 mm. was passed 
through the apparatus and submitted to a glow discharge. The 
NOg : O ratio must be carefully adjusted. Lower oxides of nitrogen 
are formed unless a large excess of oxygen is present, but too great 
an excess gives ozone. The reaction products were condensed in 
vessels cooled with liquid air, and a pale blue condensate was 
obtained, apparently a mixture of dinitrogen trioxide and higher 
oxides. By modifying this apparatus so that the condensing tube 
formed part of the discharge tube, they obtained a colourless deposit 
of pure nitrogen trioxide, NO 3 . It is stable at — 142®, above which 
it slowly decomposes into nitrogen dioxide and oxygen. In aqueous 
media it is relatively stable. For example, at 15—20®, the oxidation 

J., 1935, 1459. Ber„ 1935, 68. [B], 343; A., 457. 

♦ The nomenclature used in this article denotes the actual numbers of 
atoms of nitrogen and oxygen in the molecule; e.gr., dinitrogen trioxide NgOj, 
nitrogen trioxide NOg.—Ed. 
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value of nitrogen trioxide in sulphuric acid (N15) requires about 
50 hours to sink to zero. Again, when the trioxide is dissolved 
in nitric acid ( 2 ^) and potassium iodide is added, although iodine 
is liberated immediately, the reaction reaches completion only after 
30 minutes. With sodium hydroxide the trioxide reacts thus : 


2NO3 “t 2NaOH - NaN03 + NaNO^ + + H2O 


The reaction takes place in two stages. In the presence of water, 
the trioxide is decomposed into the dioxide and oxygen and the 
dioxide then yields NOg' and NO 3 '. The trioxide does not function, 
therefore, as an acid anhydride. Although direct determinations 
of molecular weight are impossible owing to the instability of the 
compound, the authors consider that it has the monomeric form. 
They base this opinion on the very low temperature of condensation 
of the trioxide and its spectroscopic behaviour. Further, they 
consider that it must have a co-ordinatively unsaturated character 
from the fact that it can be extracted from aqueous media by ether. 
The distribution coefficient between water and ether is, in fact, 
1:3. As hydrolysis in water is not accompanied by the production 
of hydrogen peroxide, the constitution NOg-O-O-NOg ivS excluded 
and identity with the dimeric oxide NgOg not possible. The 
authors believe, therefore, that their new trioxide has the formula 


0 —which would be more correctly written as 


T. M. Lowry and J. T. Lemon report that when dry dinitrogen 
pentoxide (NgOg) is vaporised in a stream of ozonised oxygen and 
then passed through a glass tube heated by a small flame, the 
colourless gas becomes brown, through the formation of nitrogen 
dioxide, a short distance before the flame is reached. A narrow 
zone of a dark grey-blue colour is, however, seen hovering at the 
boundary, and this is preceded by a zone of clear blue. In a long 
tube the blue flame thus formed “ strikes back from time to time 
at the rate of about 10 cm. per second to the point at which the gas 
enters the tube, which is then filled from end to end with brown 
nitrogen dioxide. When the concentration of dinitrogen pentox¬ 
ide is low, the grey boundary between the colourless incoming gas and 
its pale brown decomposition products remains stationary and does 
not strike back. It is suggested that the formation and disappear¬ 
ance of the blue zone may be due to the production and decom¬ 
position of a higher oxide of nitrogen; e,g., N 2 O 5 + O 3 == 

2 N 03 (blue) O 2 ; 2 NO 3 = SNOg + Og. The temperature at the 
boundary is probably below 100®. In a study of the binary system 
N 204 ^N 205 Lowry and Lemon find that dinitrogen tetroxide 


Nature, 1936, 136, 433; A,, 693. 


J., 1936, 692; A., 824. 
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and pentoxide give a simple freezing-point diagram with a eutectic 
at 10-8% NgOs and - 15•8^ 

During recent years some exceptionally interesting compounds 
have been isolated from reactions involving fluorine. G. H, Cady 
has now investigated the action of fluorine on nitric acid (SN) 
and thereby discovered the new gaseous compound, NO3F. In 
his experiments, Cady sometimes experienced explosions, but 
O. Ruff and W. Knasnik find that the danger of explosion is 
minimised by the use of nitric acid of higher concentration, and 
that it disappears entirely if pure nitric acid (100%) is employed. 
At low temperatures, e.g., — 35°, the reaction is incomplete, but at 
4 20° it proceeds quantitatively in accordance with the equation 

HNO3 + P2 - NO3F + HP 

The apparatus used is constructed partly of quartz glass and partly 
of ordinary glass. The hydrogen fluoride liberated in the reaction 
is absorbed by anhydrous potassium fluoride, and the other products 
are condensed in receivers cooled with liquid air. The condensate 
is fractionally distilled at 100 mm. pressure through a quartz-glass 
column, and the portion passing over at — 79°/90 mm. is pure 
NO3P. Other fractions consist of SiP4, HgSiPg, and H2P2- A 
molecular-weight determination by the density method gave the 
theoretical value for the molecule NO3P. The fluoride, which is 
normally a gas with critical temperature estimated to be 67*2°, 
condenses to a colourless liquid, b. p. 45'9°/760 mm., and to a 
white solid, m. p. — 175°. The density of the solid at — 193-2° is 
1-951, and that of the liquid is 2-2148 ~ 0-003114T. Solid or 
liquid NO3P is exploded by mechanical shock. The vapour pressure 
has been measured with a quartz-spiral manometer between 128° 
and — 68° and is given by log p = — 1044-9/T + 7-478, and the 
latent heat of vaporisation is 4726 g.-cals. per mol. The gas is 
stable in dry glass or quartz, but with water it gives oxygen and 
fluorine monoxide together with nitric acid and hydrogen fluoride. 
It reacts with dilute sodium hydroxide solution (2%), OPg being 
liberated : 

2NO3P + 2NaOH - 2NaN03 + OPg + H^O 

If a more concentrated sodium hydroxide solution (20%) is employed, 
the initially formed fluorine monoxide decomposes in the usual 
way and oxygen alone is obtained. These experimental findings 
characterise NO3P as a derivative of the fluorine monoxide, OPg, 
in which a fluorine atom is replaced by the NOg group, i.e., 

w J. Amer, Chem, Soc., 1934, 56, 2635; A,, 1935, 181. 

Angew. Chem*, 1935, 48, 238; A., 715; D. W. Yost and A. Beerbower, 
J. Amer, Chem, Soc., 1935, 67, 782; A,, 715. 
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^-O-F, or in modern nomenclature ^^N-O-F. Although 

the reaction of NO3F with water or sodium hydroxide solution 
does not give an explosion, contact with alcohol, ether, or aniline 
causes one immediately. On the other hand, with glycerol, acetic 
acid, or acetone no reaction is perceptible. Moreover, NO3F 
is appreciably soluble in acetone. The odour of the new compound 
is described as irritating. 

K. Gleu and R. Hubold^ have reinvestigated the per-acid 
which is formed on mixing a nitrite solution with acidified hydrogen 
peroxide and to which Raschig and other investigators have given 
the formula HNO4 name pemitric acid. Gleu and Hubold 

prepared the supposed pernitric acid by adding to a solution of 
sodium nitrite (1 mol.) and hydrogen peroxide (> 1 mol.) much 
ice and then the equivalent amount of sulphuric acid (2JV), excess 
of sodium hydroxide being added after two seconds. In the in¬ 
tensely yellow solution produced, 70% of the nitrite may be con¬ 
verted into the per-acid under the best experimental conditions. 
To obtain this result it is most important to observe the correct 
interval of time between addition of acid and of alkali. The 
excess of hydrogen peroxide, in the presence of sodium nitrite and 
the sodium salt of the per-acid, was determined by titration with 
sodium hypochlorite (O-liV) in alkaline solution in the presence of 
ten drops of potassium iodide (0‘liV) until the colour of the ruthen¬ 
ium-red indicator was discharged. Excess of arsenious oxide 
(0*liV) was added immediately and back-titrated with sodium 
h3^ochlorite, the same indicator being used, to determine the active 
oxygen in the per-acid. The NOg' was determined by reduction 
to ammonia with vanadyl sulphate, VOSO4, and distillation into 
acid. Under these conditions any nitrate is unaffected. The ratio, 
active O : NOg', was always 1:1, proving the presence of per- 
nitrite HN02’0 and absence of pemitrate. These findings confirm 
the views of J. Schmidlin and P. Massini put forward in 1910. 
It may be mentioned again that the nitrogen trioxide (NO3) recently 
prepared by Schwarz and Achenbach did not prove to be the 
anhydride of pernitric acid. 

Phosphorus crystallises in a number of allotropic forms, three of 
which, the white, the red, and the black variety, are easily dis¬ 
tinguished because of their widely differing physical and chemical 
properties. It is well known that white phosphorus is easily 
changed into the red variety by heat, light, or X-rays, but that to 
convert white into black phosphorus a pressure of 12,000 atmo- 

Z. anorff. Vhern,, 1936, 223, 305. *» Per., 1910, 43, 1162; A., 1910, ii, 498. 

*• P, W. Bridgman, J. Amer, Chem, Soc,, 1914, 36, 1334; A*, 1914, ii, 647. 



OABTBB AND WAKDLAW : SOME ELEMENTS AND COMPOUNDS. 157 


spheres is necessary at a temperature of 200®. Recently, black 
phosphorus has been made from white phosphorus by a pressure 
of 35,000 atmospheres at room temperature.^^ The density of 
black phosphorus is very high, being 2-6—2*7, as against 1*83 for 
white and 2*34 for red phosphorus. All three varieties when heated 
give a vapour composed of P4 molecules, which condenses to white 
phosphorus. At lower temperatures (100® in a vacuum), however, 
the vapour of red phosphorus condenses unchanged, but the vapour 
density is so low that no molecular-weight determination has yet 
been made. These facts seem to indicate that white phosphorus 
is composed of more or less loosely-bound P4 molecules, which 
readily break up to form the more stable structures of red and 
black phosphorus. It is most difi&cult to come to a decision in 
this matter, for data on phosphorus are confusing and incomplete, 

Fig. 3. 



and until recently none of the crystal structures had been satis¬ 
factorily worked out by X-ray methods. An important advance 
has now been made by R. Hultgren, N. S. Gingrich, and B. E. 
Warren as a result of their investigation of the crystal structure 
of black phosphorus. They find that the unit cell of black phos¬ 
phorus consists of two double layers, one of which is shown in 
Pig. 3. Each atom is bound to three nearest neighbours at 2*18 A. 
in agreement with the accepted atomic radius of 1*10 A. and with 
the co-ordination to be expected from covalent bonding of phos¬ 
phorus. Two of the bonds are in the plane of the layer at 99® 
from one another; the third is between layer halves at 103® 30' 
from both, making the average bond angle 102°. This agrees with 
the tendency of bond angles to be nearer tetrahedral for the lighter 
elements of the periodic group. The decisively covalent character 
of phosphorus is clearly shown by the fact that the distance between 
bonded atoms is only 2-18 A. compared with 3*68 A. as the closest 

P, W. Bridgman, Physical i?eu., 1934, 45» 844. 

t/. Chem* Physicsf 1935, 3> 351; A., 919. 
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approach between atoms in diflferent layers. In arsenic, which is 
appreciably more metallic than black phosphorus, the bonds are 
less sharply differentiated; the three nearest neighbours are at 
2‘51 A., with three more atoms at 3-15 A. Atomic distribution 
curves of crystalline and amorphous black and red phosphorus, 
obtained by the method of Fourier analysis, furnished a valuable 
clue to the structure of red phosphorus, for they showed that each 
atom formed three covalent bonds in the normal manner. More¬ 
over, the fact that the second peak was at practically the same 
position as in black phosphorus suggests that the bond angles are 
nearly the same. 

Ortho-salts, such as NagNO^, NagZn04, and Na4Cu03, 

have been prepared ^ by the action of sodium oxide, Na20, on the 
salts of oxy-acids or on weakly acidic metallic oxides. They are 
usually decomposed by water or carbon dioxide, so cannot be pre¬ 
pared from alkali hydroxides or carbonates. The proof of the 
existence of these ortho-salts has been established by A-ray analysis. 
The preparation of Na3N04 brings out an interesting relationship 
between nitrogen and phosphorus. However, as 4 is the maximum 
co-ordination number of nitrogen, it will, presumably, not be 
possible to prepare the nitrogen analogue of the hypothetical 
H5PO5, esters of which have been isolated.®^ 

The constitution of bleaching powder has been the subjejt of 
investigation and speculation for many years. The older methods 
of examination, depending on such properties as solubility, vapour 
pressure, mode of chemical decomposition with heat or acids of the 
carbonic and hydrochloric type, have been nv'^d at various times 
but with no great measure of success. The probilmi has now been 
attacked by phase-rule studies, by extended nicroscopic examin¬ 
ation, and by the use of A-ray powder photographs. As a result 
of the phase-rule work, all the pure compounds which could be 
isolated under equilibrium conditions from the system CaO-CaClg- 
Ca(OCl)2-H20 below 40° have been defined and used as a basis for 
comparison with the solid phases present in bleaching powder. 
It has been established that the first stage, in the reaction between 
chlorine gas and calcium hydroxide in the preparation of bleaching 
powder, is the formation of the basic hypochlorite Ca(OCl)2,2Ca(OH)2 
and the basic chloride CaCl2,Ca(0H)2,H20. On further chlorination, 
the former is converted into another substance which appears to be 

E. Zintl, M. Morawietz, and G. Woltersdorf, Naturwisa.f 1935, 23, 197; 
E. Zintl and W. Haucke, Z, physikal. Chem., 1935,174, 312; A., 1936, 16. 

L. Anschutz and W, Broeker, Ber., 1926, 69, 2848; A., 1926, 146. 

C. W. Bunn, L. M. Clark, and L L. Clifford, Proc. lioy. Soc., 1935, [A], 
161. 141; A., 1214. 
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a mixed crystal whose chief constituent is calcium hypochlorite. 
Ordinary bleaching powder, containing about 35% of available 
chlorine, is a mixture of this hypochlorite mixed crystal with the 
basic chloride CaCl2,Ca(OH)2,H20. On further chlorination, the 
latter is partly but never completely converted into hydrated calcium 
chloride (usually the tetrahydrate, CaCl2,4H20) whilst the hypo¬ 
chlorite mixed crystal persists, with gradually changing properties. 
The most highly chlorinated sample which was examined consisted 
of hypochlorite mixed crystal, CaCl2,4H20, and CaCl2,Ca(0H)2,H20. 
The non-deliquescent nature of ordinary bleaching powder and the 
difficulty of introducing more than 35% of available chlorine into 
the solid are due to the presence of the basic chloride 

CaCl2,Ca(OH)2,H20, 

which a2)pears to be a very stable substance. 

R. K. Bahl and J. R. Partington have reinvestigated the 
lower oxides and sulphates of iodine. Contrary to some statements 
in the literature, which are reproduced in text-books, they prove 
that the interaction of iodine and cold concentrated nitric acid 
{d, 1*5) produces the pentoxide IgOs and not the dioxide. In 
conformity with the weakly basic properties of iodine, they find 
that basic salts are more stable than the normal ones. They were 
unable, however, to obtain Chretien’s sulphate, 1203,803,JHgO, 
by heating a mixture of iodic acid and concentrated sulphuric acid 
till iodine is evolved. The analysis showed that the product was 
probably 1203,112804 containing some 1204,112804. 

Although numerous attempts have been made to prepare com¬ 
pounds of the rare gases, practically all investigations have served 
only to show the inertness of these elements. P. Villard,®® however, 
in 1896 claimed to have obtained an unstable hydrate of argon, 
and since then hydrates ^ of krypton and xenon have been reported. 
Prompted by the idea that boron, in the trifluoride, BF3, is very 
rciictive by reason of its incomplete octet, H. 8. Booth and K. 8. 
Willson have examined the system argon-boron trifluorido by 
thermal analysis. A graph of the freezing points against composi¬ 
tion exhibited maxima and minima. The maxima corresponded 
to the ratios A,BF3; A,2BF3; A,3BF3; AjGBFg; AjSBFg; and 
AjlGBFg, indicating compound formation, but the compounds 
are unstable and dissociate above their melting points. From the 
shape of the curve, the ratio A,2BF3 appears to be the most stable. 

3 * J., 1936, 1268; A., 1334. 

33 Compt, rend,, 1896, 123. 377; A., 1897, ii, 31. 

3* R. de Forcrand, ibid., 1923, 176. 366; 1925, 181. 16; A„ 1923, ii, 239; 
1926, ii, 812. 

33 J, Amer, Chem. Soc,, 1935, 57* 2273. 
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The conclusion that the association of argon with the boron fluoride 
is of the type BF 3 <— A analogous with BF 3 <— NH 3 must be 
accepted with reserve. The function of the BFg may be similar 
to that of water in the hydrates of the inert gases. In N. V. Sidg- 
wick's opinion, the water is held by the van der Waals forces in 
the crystal along with those of the solute, and the simple numerical 
ratio of the different kinds of molecules merely reflects the geo¬ 
metrical regularity of the crystal. 

So far, no exception has been found to the generalisation that all 
elements with a covalency of 6 have the six valencies arranged 
in the form of an octahedron. When, however, quadricovalent 
atoms are considered, no such simple generalisation is available. 
It will be recalled that in 1931 L. Pauling applied wave-mechanical 
methods to the problem of covalent linkages and showed that for 
4-covalent atoms, in which electrons from the first two sub-groups 
(s and jp) of the outer level are used in chemical bonds, the stable 
configuration is tetrahedral. In the case of the transition elements, 
however, one or more electrons used in binding may belong to the 
d sub-group of the incomplete imier level, and in these cases, the 
four covalencies may be distributed in a plane. Moreover, since 
the d electrons are chiefly responsible for the magnetic moment of 
the atom, sharing of them should reduce this property, so that 
4-covalent nickel compounds should be diamagnetic. Pauling's 
conclusions have been criticised by W. Heisenberg®® and <j)ther 8 , 
but appear to be essentially correct. The point to be recognised 
in the case of the transition elements is that the results are probably 
permissive, i.e,, they show that the metals in question may have, 
but not necessarily must have, a planar distribution of valencies. 
That this interpretation is correct is indicated by some recent 
work of H. M. Powell and A. F. Wells.®® They examined the com¬ 
plex salt CS 3 C 0 CI 5 by A-ray analysis, and found that the group 
C 0 CI 4 had an approximately regular tetrahedral configuration, 
thereby proving that the transition element cobalt can actually 
be tetrahedral when 4-covalent. 

To Pauling belongs the credit of first suggesting that nickel in 
its 4-covalent state may have a planar distribution of valencies, 
and it is remarkable that Werner omitted it from the list of elements 
which he predicted would give planar structures. Pauling's con¬ 
clusion that 4-covalent nickel should be planar and diamagnetic 
received strong support from the isolation, by S. Sugden ^ in 1932, 

“ The Covalent Link in Chemistry,” 1933, p. 29. 

J.Amer.C/i6W.6'oc., 1931,68,1367; .4., 1931, 670. 

See Ann. Reports, 1931, 28, 367. 

»» J., 1936, 369; A., 570. J., 1932, 246; A., 1932, 272. 



CABTEB AND WABDLAW : SOME ELEMENTS AND C<JMroiJNDS. 161 


of two diamagnetic compounds of nickel with benzylmethylglyoxime. 
As a matter of historical interest, it should be mentioned that in 
1910, L. A. Tschugaeff^^ discovered that nickel bis(monomethyl- 
glyoxime) could occur in two isomeric forms, but he did not suggest 
that a possible explanation of the isomerism lay in the planar dis¬ 
tribution of the nickel valencies. Recently, H. J. Cavell and kS. 
8ugden^2 have shown that the occurrence of pairs of isomerides 
appears to be general for the nickel derivatives of unsymmetrical 
glyoximes, and that the explanation must be that nickel is capable 
of forming 4-eovalent compounds of planar type. F. P. Dwyer 
and D. P. Mellor have recorded the preparation of two inner 
complex compounds of palladium with benzylmethylglyoxime, and 
cidduced evidence to show that these substances are cis- and tram- 
isomerides (1 and II) of bis-an^^-benzylmethylgtyoximepalladium. 
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N—OH 
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N—OH 






(k.) Pd 
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CH 3 —0-c—CHj-CeH 5 CgHj-CHa—C-C—CH., 

Purtlier support for Pauling’s predictions has been obtained from an 
examination of the nickel and palladium derivatives of salicyl- 
aldoxime.^* These compounds have been shown, by X-ray analysis, 
to be isomorphous and to have a fmms-planar structure. Moreover, 
tlie nickel compound has been found to be diamagnetic. A striking 
example of planar nickel in a co-ordination compound of quite a 
different type has been discovered in an examination of the dithio- 
oxalates of nickel, palladium, and platinum.'^® The anhydrous 
iwtassium nickolodithio-oxalate (HI) is completely isomorphous 


^ O.v 


0 




o 


0 


(III.) 


with the corresponding palladium and platinum derivatives, and a 
detailed X-ray examination has shown that the valencies of the 
4-covalent nickel, palladium, and platinum are in a plane with the 
metal atom. 


J. Ru 88. Phys, (-hem. /Nor., 1910, 42, 1466; A.^ 1911, i, 261; ('h^m. Zcnlr.t 
1911, 82, i, 871. 

^2 1936, 621; A., 980. 

J. Ainer. Chem. /Noo., 1936, 57, 605; A., 752. 

E. G. Cox, F. W. Pinkard, W. Wardlaw, and K. C. Webster, J., 1935, 459; 
A., 684. 

E. G. Cox, W. Wardlaw, and K. C. Webster, J., 1935, 1475. 
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In view of the fact that compounds of 4-covalent cobalt may be 
tetrahedral, the question naturally arises whether the 4-co-ordinated 
compounds of nickel, palladium, and platinum are invariably 
planar. If Pauling’s prediction is true that 4>covalent compounds 
of the transition elements would be diamagnetic when the four 
electron-pair bonds lie in a j>lane, then some recent work by R. B. 
Janes on the magnetic susceptibilities of typical palladium deriv¬ 
atives indicates that palladium is invariably planar. He examined 
a wide range of derivatives, of which the following are typical: 

ihou'p 1. Palladous salts with four other groups in the molecule : 
Pd0l2,2H2O; PdCl2,2NH3; K2PdCl4; Kal^KCN)^, 

Growp 2. Palladous inner complex salts : palladium dimethyl- 
glyoxime. 

Group 3. Palladous salts where a double molecule is present: 

[Pd(NH3)2Cl2]2. 

In every case the magnetic susceptibilities were diamagnetic. 
The corresponding platinum compounds have been less extensively 
investigated,^'^ but the several salts which have been measured are 
aU diamagnetic. This physical evidence is in entire agreement 
with the available A"-ray and chemical evidence, and in view of the 
diverse nature of the compounds which have been studied, there 
appears to be no doubt that the planar configuration is quite general 
for 4-covalent compounds of bivalent palladium and platinum, 
and it can only be modified in very special cases, such as may arise 
with ter- and quadri-dentate groups. 

The evidence from magnetic susceptibility measurements in the 
case of nickel, however, indicates that 4-covalent nickel is not 
invariably planar. Nickelous salts of the type of Group 1 (above) 
are paramagnetic, except Ni(CO )4 K 2 Ni(CN )4 which are dia¬ 
magnetic. If, therefore, Pauling’s reasoning is sound, then in the 
case of nickel only a few molecules of the type of Group 1 are planar, 
in contrast to the cases of palladium and platinum, where the planar 
configuration is always assumed. This conclusion, that the dis¬ 
tribution of the valencies in compounds of 4-covalent nickel may 
be either tetrahedral or planar, is in agreement with the recent 
discovery that quadricovalent cupric compounds may be planar. 
In 1926, W. H. Mills and R. A. Gntts showed that 4-covalent 
copper in its benzoylpynivic acid derivative gave rise to optical 
activity, and so presumably belongs to the tetrahedral type. Now, 
E. G. Cox and K. C. Webster have examined by X-ray analysis 

J. Amer. Chem, Soc., 1936, 67, 471; A,, 673. 

D. M. Bose, Z, Physik, 1930, 66. 677; A,, 1931, 26. 

J., 1926, 3121; A., 1927, 149. 
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a range of chelated 4-covalent compounds of bivalent copper, 
including the copper salts of acotylacetonc and benzoylacetone, 
and have definitely established that these substances possess a 
planar structure. The result is of interest from another point of 
view, for S. Sugden ^ has shown that a number of compounds of 
this type are paramagnetic. According to Pauling, a planar 
configuration is to be expected when s, p, and d electrons are in¬ 
volved in valency bonds. It is possible, therefore, that bivalent- 
copper (at. no. 29) may possess a eom^dete 3^ sub-group of ten 
electrons, some being shared, instead of an incomplete sub-group 
as is usually supposed. This wDuld involve one unpaired electron 

1 2 2 3 3 3 4. 

2 2 6^ 2^ % 10 1^ fourth principal quantum level, giving 

rise to a paramagnetic moment of the same order as that actually 
observed by S. Sugden.^® 

The stnicture proposed b}^^ Werner for platinous compounds 
of the type PtA 2 B 2 was that the valencies had a Y)lanar arrange- 

Fic. 4. 



ment. A test of this, and a differentiation between a planar and a 
tetrahedral distribution of valencies, is provided by the substitution 
derivatives of bisethylenediaminoplatinous salts [Pt eiiglXo. In 
an important communication by W. H. Mills and T. H. H. Quibell,^^ 
the preparation of the diphenyl dimethyl derivatives has been 
described and the optical activity of the compounds (see Fig. 4) 
leaves no doubt that the planar arrangement proposed by Werner 
is the correct one. Tlie salts investigated proved capable of re¬ 
solution into antimeric optically active forms showing a high degree 
of optical stability. The regular tetrahedral arrangement is thereby 
excluded, and no reason exists for inferring a pyramidal rather than 
the more symmetrical planar configuration* The authors mention 
that the iodide and chloride crystallise with water of crystallisation, 
but express the opinion that there is no reason to doubt that the 
central platipum atom of the complex cation is truly 4-covalent. 
The planar arrangement of the platinum valencies with the inter- 
valency angle of 90° is shown to give rise to a practically strainless 
ring, whilst an arrangement with a tetrahedral valency angle would 

J., 1932, 161; A., 1932, 324. 1935, 839; A., 1057. 
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create a very considerable strain in a five-atom ring composed 
of carbon and nitrogen atoms and one 4-covalent platinum atom. 

The structure and configuration of certain diamminopalladium 
compounds have been studied by chemical and X-ray methods, 
and the findings are fully in agreement with Werner’s view. A 
deep red, highly crystalline form of Pd(NH 3 ) 2 Cl 2 , has been shown 
to have a configuration like the familiar yellow powder form, 
their difference being due essentially to different crystal structures 
built up from the same {trans-) molecules. 

Recently, it has been shown by an X-ray analysis that the 
configuration of the 4-covalent compound of quadrivalent platinum, 
Pt(CH 3 ) 3 Cl, is tetrahedral. This is a result of unusual interest, 
for it indicates that the principal valency of an atom may be a factor 
of importance in deciding the configuration of its 4-covalent 
derivatives. 

P. Gr. Mann and D. Purdie ^ have published some valuable 
experimental data on the parachors of palladium and mercury 
in simple and complex compounds. They find that, in certain 
series of organo-metallic compounds, both simple and complex, 
the metal atom shows an apparent parachor w^hich falls steadily 
as the homologous series is ascended, and may ultimately reach a 
constant value. For example, in the homologous series {SR 2 ) 2 PdCl 2 , 
the parachor of palladium fell from 36 for the methyl to — 7 for 
the n-amyl compound. Another point of interest has arisen in this 
investigation. The dipole moments of the three ethyl compounds 
of the chloro-series (SR 2 ) 2 PdCl 2 , (PR 3 ) 2 PdCl 2 , and (AsR 3 ) 2 PdCl 2 , 
viz., 2-27, 1-05, 1*04 (x 10-^® e.s.u.), strongly support the assump¬ 
tion that they are all stable ^mn^-compounds. The symmetrical 
compounds should have a dipole moment closely ai)proaching 
zero, whereas the ci^-isomerides should have very high moments. 
This conclusion is in agreement with the X-ray and chemical evi¬ 
dence relating to the thio-ether compounds of platinous and palladous 
chlorides. 

G. T. Morgan,^® in an address to the Chemical Society, has dealt 
with some important advances made in recent years in the study 
of the rarer elements. He is, himself, an outstanding leader in 
this field of work, and the results which he and his colleagues have 

** F. G. Mann, (Miss) D. Crowfoot, D. C. Gattiker, and (Mrs.) N. Wooster 
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E. G. Cox and K. C. Webster, Z. Krist., 1936, [A], 00, 661. 
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E. G. Cox, H. Saeixger, €«id W. Wardlaw, J., 1934, 182; A., 1934, 397; 
H. D. K. Drew and O. H. Wyatt, J., 1934, 66; A., 1934, 284. 
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accumulated form the main topic of the address. Certain seams 
of Northumbrian coal give an ash containing up to 1% of gemianium 
and 0-05% of gallium, and G, B. Davies, working in tlie Teddington 
laboratories, has elaborated a process for the extraction of both 
these rare elements. The germanium is distilled over with acid 
as tetrachloride, whilst gallium trichloride remains. Rhenium 
has been extracted from Australian molybdenite by a lengthy 
process involving fractional volatilisation, and ultimate separation 
with organic reagents such as 8-hydroxyquinoline and dipyridyl. 
The address concludes with some reference to co-ordination com¬ 
pounds of ruthenium, and a plea for a wider investigation of the 
rarer elements . . for discoveries will from time to time be made 
in the application of these materials which will redound to the 
credit of our science, and the good of the community.” 

S. R. C. 

W. W. 

3. Non-ferrous Ai^loy Systems. 

Progress in tlie knowledge of alloy systems has not previously 
been reviewed in these Reports. From the viewpoint of the 
metallurgist, the subject is a vast one, and it has been necessary for 
the purpose of this Report to restrict the field to certain aspects 
which are clearly of interest to chemists. The policy adopted has 
])een to disregard a great amount of more or less isolated observations 
on particular alloys, and to describe what has been done during the 
last five years or so on the examination of non-ferrous alloy systems 
from the constitutional point of view, with special reference to the 
formation of intermetallic compounds. It is natural, therefore, 
that mainly binary systems are considered, and that much work of 
industrial importance, of interest to the metallurgist and the 
engineer, falls outside the scope of the Report. 

Methods of Investigation .—Although thermal analysis and micro- 
graphical examination continue to be of fundamental importance 
in the study of equilibrium diagrams, there is evidence that more 
use is being made of the investigation of other properties of alloy 
systems as accessory means, and that such wider investigations have 
led to the reconstruction of some of the older diagrams. The salient 
features of these methods have been discussed by H. Scott,^ 
J. L. Haughton,^ and W. Guertler.^ C. Sykes ^ has pointed out 
that the standard cooling-curve methods may give unreliable results 
when applied to transformations involving atomic rearrangement 

^ First Comm. New Internat. Assoc. Test. Mat.^ 1930, [A], 339. 

* Ihid., p. 316. 

® Proc. Zurich Congr. Internat. Assoc. Test. Mat., 1932, 1 , 469. 

* Proc. Roy. Soc., 1936, [A], 148 . 422; A., 676. 
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in a homogeneous solid solution, and has described a modified, 
double differential cooling-curve method. 

Outstanding among the more modern methods is the X-ray 
determination of alloy equilibrium diagrams. The value of the 
X-ray method has been emphasised by A. Westgron,^ inasmuch as 
it makes possible, not only the determination of the nature of the 
crystal structure and dimensions of the crystal lattice of the different 
phases existing in the alloy system, but also the fixing of the position 
of the phase limits. There is the further advantage that some 
insight into the chemical characteristics of the phases is given, which 
the earlier metallographic methods could do only very incompletely. 

The value of the electrical conductivity method has been discussed 
by W. Hume-ltothery; ® advantages are claimed in the detection of 
very small ranges of solid solubility and in the fixing of phase 
transformations which are combined with hysteresis or smaU thermal 
effects. The theory of the electrical conductivity of alloys has been 
discussed,*^ and the rule that the atomic increase in resistance is 
greater as the distance between the elements in the periodic system 
increases has been confirmed for a series of gold alloys. 

The study of constitution by magnetic measurements has been 
reviewed by A. Kussman,® G. Grube,^ and E. Vogt.^<^ The magnetic 
method has been used in the study of a series of alloy systems,and 
the existence of the compounds SnSb, CdSb, ZnSb, and SuglT indicated 
by abrupt changes in the slope of the susceptibility-composition 
cjurves. Y. Shimizu has directed attention to the great effect of 
adsorbed gases on magnetic susceptibility results, and it appears 
that the curious results obtained in some of the earlier investigations 
are due to the neglect to melt and anneal in a vacuum. Shimizu 
found that, in alloys which form continuous solid solutions, the 
maximum deviation of susceptibility from the values calculated 
from the additive rule is small. With eutectic alloys, with solubility 
on both sides, the susceptibility-composition curve is linear in the 
range of eutectic composition and slightly curved in the range of 
solid solution. The magnetic susceptibility-composition curves for 

5 Z. MetallK 1930, 22, 368; Trans, Amer, InsL Min, Met, Eng., Inst. 
Metals Div., 1931, 13; Angew. Chem., 1932, 46, 33; Proc. Zurich Congr. 
Jntemat, Assoc. Test. Mat., 1932,1, 484; B., 1931, 978. 

fi Metallwirt., 1929, 8, 1243; A., 1930, 1106. 

’ G. Grubo and J. Hille, Z. anorg. Chem., 1930, 194, 179; A., 1931, 168; 
L. W. Nordheim, Physical Rev., 1930, [ii], 35. 1430; A., 1931, 1361. 

» Z. MetallJc., 1934, 26, 26; B., 1934, 407. 

» Ihid., 1936, 27, 194. lo p, 40. 

F. L. Meara, Physical Rev., 1931, [ii], 87, 467; Physics, 1932, 2, 33; A., 
1932, 686. 

Sci. Rep. Tdhaku Imp. Umv., 1932, 21, 826; A., 1933, 466. 
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several alloy systems of gold and copper have also been 
determined. 

A few papers report the application of electropotential measure¬ 
ments to the determination of constitution. F. Griengl and 
R. Baum have constructed isopotential ]ines for the system 
gold-tin-mercury in a triangular phase diagram. Although the 
curves give no evidence of AuSn or AuSng, these compounds are 
indicated by discontinuities in potential in the binary system, 
suggesting that they are partly dissociated in mercury. Potential 
studies of thallium-bismuth alloys in fused acetates have been 
made,^® and the existence of BigTl indicated. A. Glazunov has 
made an interesting application of the electropotential method to 
the determination of the phase structure of metallic coatings by 
anodic dissolution. Since each phase has its own potential, which 
remains constant during its dissolution, the composition and thick¬ 
nesses of the phases can be determined from the lengths of the 
individual potential values (horizontal positions in the graph) and 
the intervals between them, provided the course of the potential 
curves of the binary system in question be known. Thus the 
presence of ZngFe and probably ZnFe 3 in hot-dipped zinc coatings 
on iron has been shown. 

The interpretation of heats of mixture of molten metals has been 
undertaken by M. Kawakami,^® who found that with a few excep¬ 
tions heat is evolved when the metals form intermetallic compounds, 
whilst heat is absorbed when solid solutions are produced. 

Optical j)ropertie8 have so far played little definite part in the 
examination of alloy systems. S. Ueno has shown, however, 
that the curve of intensity of reflexion of silver-aluminium aBoys 
has a maximum corresponding with the compound AlAgg, a liroak 
at AlAgg, and a minimum at the eutectic. Similar investigations 
of the aUoys of aluminium with magnesium indicate a high 
reflectivity for MggAlg. 

ITie cementation method, in w^hich the constituents are heated 
together in a vacuum at temperatures near the solidus, has been 
applied to several aUoy s 3 ^stems by L. Loskiewicz and has led to 

E. Vogt, Ann, Physik, 1932, [v], 14, 1; A,, 1932, 907. 

11 H. F. Seemann, Z. Metallk,, 1932, 24, 299. 

'3 Monatah., 1932, 61, 330; A,, 1933, 127. 
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1’ Tfwna, Faraday Soc., 1935, 31, 1262. 
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1® Mem, Coll, Sci, Kyoto Imp, Univ,, 1930, 13, 141; A,, 1930, 681. 

J. Wulfi, J, Opt, Soc, Amer., 1934, 24, 223; A., 1934, 1086. 
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suggested modifications of the diagrams. It appears from this 
work that the formation of a eutectic during cementation is possible 
only at temperatures above the melting point of the eutectic. 
Cementation below the melting point can occur only when the 
cementing metal has a solid solubility in the metal to bo cemented. 
By similar technique with aluminium alloys, M. Bosshard has 
confirmed the existence of the ternary compounds AlgFcg^i^, 
Al 20 u 2 Fe, Alr^NiCug, and AlgMg 4 Cu. 

Structure of the Phases ,—Reference has been made to the value 
of X-ray analysis in the detection of phases and determination of 
their structure. G. Sachs maintains that a transformation in 
alloys generally consists of two partial processes, viz., change of 
latticie structure and rearrangement of tlie atoms, and shows that 
these processes can be studied separately by X-ray investigation. 
The kinetics of lattice transformation are governed by (1) thermal 
formation of nuclei and crystal growth (at high temperatures), 
(2) regular change of the lattice and (jrystal growth (at moderate 
temperatures), or (3) regular change of the lattice alone (at lower 
temj)eratures). The effect of thermal agitation on atomic rearrange¬ 
ment in alloys has been discussed by W. L. Bragg and E. J. Wil¬ 
liams.The ordered has a lower ])otential energy than the 
disordered structure, but thermal agitation promotes disorder. 
Order sets in abruptly at a critical temperature, and increases as 
the temx)eratnre is lowered, becoming complete only at absolute 
zero. The sudden onset of order causes a sharp inflexion in curves 
relating resistivity, lattice spacing, and specific heat with tem¬ 
perature. Such inflexions simulate a phase change, although 
actually there is no such change. 

The effect of additions of one metal on the lattice structure of 
another has been studied.W. Hume-Rothery has shown that 
the addition of cadmium, indium, tin, or antimony to silver changes 
its lattice structure to an extent which is proportional to the valency 
of the added element. The question whether the change in lattice 
constants in the formation of solid solutions depends on the grain 
size has been debated.^^ 

W. Hume-Rothery ^8 pointed out tliat the compositions of the 

‘^2 Aluminium, 1935, 17, 477. 

2a Z. Metallk., 1932, 24, 241; A., 1932, 1196. 
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P-phasos of many binary alloys are such that the ratio of valency 
electrons to atoms is approximately 3:2. The genei^alisation has 
been extended by A. tl. Bradley to the y-phases of certain alloys, 
where the ratio of valency electrons to atoms is found to be 21 : 13. 
Similarly, the ratio for a number of c-phases is 7 : 4. The validity 
of these rules has been confirmed for a number of binary alloys of 
copx7er, silver, and gold. H. Berlitz j)oints out that, since the 
ratio is always greater than 1, a necessary condition for the existence 
of these structures is that one of the metals contributes at least 
2 valency electrons and the other component contributes not more 
than 1 valency electron to the lattice structure. The possible 
systems of alloys that can be formed in accordance with these 
requirements have been worked out. 

Resulting from the study of a large number of binary alloy 
systems, Hume-Rothery and his collaborators have been able to 
show that, if the atomic diameter of the solute differs by more than 
about 14% from that of the solvent, the solid solution is restricted 
to a few atoms per cent.; but when the size factor is favourable a 
solid solution may be formed, in which the solubility limits generally 
obey valency laws, the solubility becoming less as the valency 
increases. Under these conditions the maximum solid solubility is 
determined mainly by the concentration of valency electrons, and 
this principle permits the approximate calculation of solubility 
limits in certain ternary alloys. 

A new approach to the problem of the chemical bond between 
metals has been suggested by J. Dorfman.^^ Assuming that the 
atoms of copper, zinc, aluminium, and tin entering the nickel 
lattice become singly ionised, he calculates that the negative values 
of the magnetic moments of these foreign atoms correspond with the 
number of valency electrons left attached to the corresponding ion. 

In an examination of the systems aluminium-copper, antimony- 
silver, cadmium-tin, cadmium-zinc, copper-silver, and lead-tin, 
D. Stockdale found no evidence for his supposition that in a 
binary eutectic the atoms of the two elements are present in a 
simple ratio. Recently, however, he has put forward a series of 
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empirical rules, which, although not exact, are claimed to give 
more accurate results than the majority of those that have been 
obtained experimentally in this connexion. (1) In a saturated 
solid solution at the temperature of the eutectic or peritectic there 
is a simple integral relation between the numbers of solvent and 
solute atoms. (2) There is a similar relation in a saturated solid 
solution in contact with a second solid phase at the temperature of 
transformation of the second phase. (3) In copper- and silver-rich 
alloys the solubilities at the above two temperatures are simply 
related, and it is possible to predict the solubility at the lower 
temperature if that at the higher is known. (4) In a eutectic 
mixture the elements are present in a simple integral atomic ratio. 
(5) In a eutectic mixture the ratio of the numbers of atoms, 
irrespective of their kind, in the two phases is simple. 

A different angle on related problems is provided by work on 
the atomic heats of alloyed metals in the form of solid solutions or 
intermetallic compounds.^® In both cases deviations from the 
additive rule have been noted. In a comjDarison of the heat contents 
of 25 intermetallic compounds with the sum of the heat contents 
of their components at different temperatures,an increase in the 
heat content of the compound was observed in 14 and a decrease 
in 8 compounds; in the remaining 3 compounds the difference 
changed its sign with change of temperature. If in all cases the 
heat content of the compound were greater than the sum of those 
of the components, the conclusion might be reached that the surplus 
heat content should correspond with the energy for the vibration 
of molecules, i,e., the Lattice of the intermetallic compounds would 
be built up of molecules, not of atoms. This is, however, not the 
case. 

The volume changes accompanying the formation of inter¬ 
metallic compounds have been studied.Published data on the 
molecular volume of intermetallic compounds and on the atomic 
volumes of their component metals seem to show that metals which 
can be strongly compressed mechanically undergo a contraction 
when they enter into an intermetallic compound, whilst metals which 
are difficult to compress do not. 

F. H. Jeffery has applied an interesting thermodynamical 
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method to the study of a number of binary alloy systems. He 
deduces for a two-component, two-phase system consisting of a 
solid and a liquid phase, each of which is a dilute solution of one 
metal in another, the relation log (1 — ri,') — log (1 — n) == 
LjRT ~ LjRT^y where L is the latent heat of fusion of the solvent, 
Tq the freezing point, R and T have their usual significance, n is 
the molar fraction of the solute in the liquid, and n' that in the 
solid solution. Application of this equation to solutions of lead 
in tin, tin in lead, and cadmium in tin shows that in all cases the 
solute is monatomic and no intermetallic compounds are present. 
In the copper-tin system thermodynamic considerations show that 
the a-phase consists, in both the solid and the liquid state, of a 
solution of Ou 4 Sn in monatomic copper; the P-phase is a solid 
solution of monatomic tin in monatomic copper; the 73 -phase in 
the solid state is the compound CugSn, but in the liquid state it 
consists of a solution of Cu 4 Sn in monatomic tin ; tlie li-phase is a 
solid solution of CugSn in monatomic tin. When applied to the 
copper-zinc alloys, the method indicates that the licpiid solutions 
in equilibrium with the a- and the p-solid solution consist of CuZn 4 
dissolved in monatomic copper, that the a-solid solution consists 
of CuZn 4 dissolved in monatomic copper, and the p-solid solution 
of CuZiig in monatomic copper. The liquid and solid solutions in 
the copper-gold and copper-silver systems are derived from mon¬ 
atomic molecules of copper and gold or copper and silver, 
respectively. In the lead-rich lead-antimony alloys the existence 
of the compound Pb 2 Sb dissolved in monatomic lead is indicated. 
The liquid and solid solution phases of copper-magnesium alloys 
consist of simple atoms of copper and magnesium; the existence of 
MgCug and MggCu is also confirmed by the tliermodynarnical method. 
The thermodynamics of solid-solution alloys has also been treated 
by C. Wagner and W. Schottky and by H. Seltz.*^ 

Alloys of the Alkali and Alkaline-earth Metals .—The sodium- 
potassium equilibrium has been investigated under conditions of 
manipulation that exclude contact with air.^^ An unstable com¬ 
pound NagK and a eutectic containing G 6 atoms % of potassium 
have been confirmed. Viscosity determinations of these alloys in 
the liquid phase at 125° show a maximum at the composition 
KgNa, but give no inflexion to indicate the compound NagK.^ 
The solidification diagram of the sodium-rubidium system does 

*0 Z, phyeikdl. Chem., 1930, [P], 11, 163; A., 1931, 167. 
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not resemble that of the sodium-potassium alloys, and no evidence 
of the compound NagRb was found.^ A eutectic occurs at 75 
atoms % of rubidium at — 4-5*^. The curve tends to become 
horizontal in the vicinity of the composition corresponding with 
NaRb 2 . In the sodium-csesium system thermal analysis shows a 
new compound NagCs, and a eutectic at 75 atoms % of caesium and 
— The mutual solubilities of sodium and calcium have been 

determined.^® Potassium and rubidium are completely miscible 
in the solid state; the liquidus and solidus are very close and 
show a flat minimum at 32-8°, corresponding with 66*6 atoms % of 
rubidium. 

The system calcium-bismuth forms two compounds, Ca 3 Bi 2 and 
CaBig. The alloys of this system are attacked by moist air.^® 
Alloys of calcium with smaller amounts of zinc, aluminium, or 
magnesium have been prepared as greyish-white powders, which are 
readily attacked by exposure to air and moisture.The calcium- 
gold system contains 6 compounds : Au 4 Ca, AugCa, AugCaiQ, AiigCa, 
Au 3 Ca 4 , and AuCag. Calcium is practically insoluble in solid gold, 
but at room temperature it dissolves 4—5 atoms % of gold.^® 

The lithium-silver alloys have been examined for the first time, 
the X-ray method being used. At 500° the metals react violently 
with evolution of heat. The existence of the compounds AgLi and 
AgLig has been established. Since no alteration in the lithium or 
silver lattices was observed, it is concluded that solid solutions are 
not formed,®^ Similar experiments, coupled with thermal analysis, 
on the lithium-copper alloys give a quite dififerent result, for no 
compounds or solid solutions are formed. Thermal analysis and 
electrical-resistance measurements of lithium-cadmium alloys have 
confirmed the existence of LiCd and proved the existence of the 
hitherto unknown compounds LiCdg and LigCd.®® The compounds 
LiCd and LiCdg have been confirmed independently by X-ray 
analysis,®^ but LigCd was not detected by this method. The com¬ 
pounds LiTl, Li 2 Tl, LigTJg, LigTl, and Li 4 Tl have been detected by 
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thermal analysis and electrical-resistance determinations.^^ Of 
these, LisTlg and LigTl can be melted without decomposing. Similar 
methods applied to alloys of lithium and bismuth show the existence 
of LigBi and LiBi; the latter is dimorphous. 

Copper Allops. —Certain aspects of the copper-gold alloys have 
received much attention. The transformation of the alloy con¬ 
taining 50 atoms % of each metal, from the cubic face-centred 
lattice with irregular distribution of atoms to the tetragonal lattice 
with regular distribution, has been studied by X-ray analysis. 
With falling temperature the transformation occurs in two steps : 

( 1 ) change of the lattice symmetry from cubic to tetragonal, 

( 2 ) transition from an irregular to a regular distribution of the 
atoms. The first step occurs rapidly and completely, the second 
slowly and incompletely. Thus an intermediate state is reached, 
which is characterised by a considerably increased hardness, tensile 
strength, and electrical resistance.^® In this system the existence 
of AuCu and AuCug has been confirmed.^® A transformation in 
AuCug has been studied.®® In addition to the AuCu and the 
AuCug transformation, J. L. Haughton and R. J. M. Payne have 
found another transformation in alloys approximating to the 
composition of AU 2 CU 3 . The compound AugCug is also indicated 
by the electrical conductivity and thermoelectric force curves of 
M. Le Blanc and G. Wehner,®^ but is denied by W. Broniewski and 
K. Wesolowski.®® 

W. R. D. Jones obtained evidence of MggCu and MgCug, but 
not of MgCu. In spite of the old-established use of brasses, the 
equilibrium diagram of the copper-zinc alloys has not been un¬ 
equivocally settled. Examination of numerous properties of a 
wide range of these alloys has confirmed the existence of the 
compounds CuZn, CuZng, and CuZn^, but not Cki 2 Zn 3 , CugZn, 
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Cui4Zii|3, CU21ZH31, CiigZns, Cu4Zn9, or CH4Zn. On the other hand^ 
C. Rossi claims to have prepared single crystals of Cu2Zn3. The 
crystal structures of Cu5Zn3 and Cu5Cd8 have been compared.®^ 
The relation between mean atomic volume and composition in this 
series of alloys has been studied.®® Examination of the electrical 
properties of the copper-cadmium alloys suggests the existence of 
CuCd3, CiigCdg, Cu4Cd3, and possibly Cu2Cd. 

The copper-gallium system has been investigated; it contains 
7 intermediate phases, including CugGa and 0u9Ga4. The copper- 
indium system is somewhat similar and contains the compounds 
Cu4ln, 01191114, and Cu2ln. 

Work continues on the copper-tin series.Further evidence 
that the S-phase is 0113^8118, not Cu4Sn, has been obtained,whilst 
the e-pliase, formerly written as CuSn, is confirmed as Gu3Sn5.’® 
It has also been shown that an alloy, identical with CugSn prepared 
by fusion, is produced by the action of tin on copper sulphate 
solutions under certain conditions.Equilibria in the ternary 
systems of copper and tin with nickel,'^® manganese,'^® lead,'^'^ or 
beryllium have been investigated. 

Silver Alloys. —A"-Ray analysis has confirmed the existence of 
AgCa and Ag3Ga, but not of Ag4Ca, AggCa, or AgCag, formerly 
claimed.''® By the thermal method, the existence of Ag4Sr, Ag5Sr3, 
AgSr, and AgoSrg and also of Ag4Ba, AggBag, and Ag5Ba3 is 
indicated.®® 

The lattice parameters and densities of solid solutions of aluminium 
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in silver have been measured.®^ The experimental densities are 
slightly lower than those calculated on the basis of a direct sub¬ 
stitution of aluminium for silver atoms in the silver lattice, and it is 
concluded that the aluminium in the solid solution must be com¬ 
bined chemically with the adjacent silver. Ke-examination of this 
system by thermal analysis shows three compounds : AggAl, 
AggAlg, and AggAl.®® The solid solubility of inclium in silver is 
194 % at room temperature. The system contains the compounds 
Aggin, Ag5Tn2, and Aglug.®^ The sj^stem Bilver-j)raseodymiu3n 
contains AggPr, AggPr, and AgPr.®® The ternary systems of silver 
and zinc with copper or aluminium,®® and of silver and antimony 
with zinc, cadmium, or copj)er have been investigated, and 
similar types of alloys have been examined from the viewpoint of 
an improved, untarnishable sterling silver.®® 

Magnesium Alloys. —A new diagram for the magnesium-zinc 
alloys ®® shows the compounds MgZrig, MgZng, and MgZn. 

X-Ray investigation of magnesium-cadmium alloys containing 
30—80 atoms % of magnesium has confirmed the existence of 
MgCdg and MggCd, but not MgCdg.®® The equilibrium diagram of 
the magnesium-thallium system has been revised.®^ Earlier inves¬ 
tigations had suggested the existence of the compounds TlgMg^, 
TlMgg, and Tl2Mg3. Of those only TlMgg has been confirmed, the 
others appearing to bo eutectics. In addition, TlgMgg and TlMg 
are considered to exist. Tlie alloys with praseodymium inelud(J 
two well-defined compounds, MgPr and MggPr, and probably 
MgPr4,®^ Electrical-conductivity measurements of magnesium-rich 
alloys with tin show a minimum at the composition corresponding 
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with MggSn.^^ The magiiesiiiin-antirnony systeiii contains only 
one compound MggSbg, which is dimorphous, having a transforma¬ 
tion temperature at 930° i 2°.®^ The solid solubility of nickel in 
magnesium is less than 0*1%.®^ Ternary systems investigated 
include magnesium-aluminium-copper,®® magnesium-zinc-silicon,®" 
and magnesium-zinc-calcium.®® 

Mercury Alloys .—Evidence that dilute liquid amalgams are 
colloidal sols in which mercury acts as dispersion medium has been 
obtained in amalgams of sodium,®® copper and silver,^ and iron.^ 

Thermal analysis of the rubidium-mercury system indicates the 
compounds Rb 3 Hg 4 , RbHgg, Rb 2 Hg 7 , RbsHg^s, RbgHgg, RbHg^.. 
RbHg 9 , and Rb 7 Hgj^.® Comparison with otlicr mercury-alkali metal 
systems shows that the affinity for mercury increases as the atomic 
weight of the alkali metal increases, and the compounds formed 
are more complex. The constitution of silver amalgams has been 
determined; ^ X-ray investigation shows the presence of Ag 3 Hg 4 .® 

The compounds Li^Hg, Li 3 t[g, LigHg, LiHg, LiHgg, and LiHg. 
have been detected in lithium amalgams by thermal analysis ® 
and confirmed by X-rays.*^ Only LigHg and LiHg can be melted 
unchanged. Although thermal analysis and microscopical examina¬ 
tion have given no evidence of compound formation in cadmium 
amalgams, X-ray analysis indicates that Cd^Hg exists.® 

Determinations of the parachor of thallium dissolved in mercury 
show that it is not in the monatomic state, but is combined with 
mercury or other thallium atoms to form polyatomic molecMiles.® 
The solid thallium amalgams have been examined by the A^-ray 
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method.There is evidence that many rare-earth metals f(jrtn 
compounds with mercury of the type MHg 4 .^^ 

The solubility of iron in mercury at 20'' is 0-00007%; and that 
of nickel 0-00014% (by wt.).^^ solubility of gold in mercury 

at 280—400° has been determined; the gold-rich compound is 
probably AugHg.^^ An X-ray investigation of alloys of mercury 
with gold, silver, or tin has been carried out.^^ The system mercury- 
manganese-tin has been studied.^® 

A considerable number of binary, ternary, and quaternary com¬ 
pounds of metals such as copper, tin, zinc, and iron with or without 
mercury have been obtained by A. S. Russell and his collaborators 
by reaction in mercury. 

A technique for determining the vapour pressure of amalgams 
has been described and applied to amalgams of the alkali metals. 

Aluminium Alloys .—Much of the work on aluminium alloys con¬ 
cerns their properties for structural purposes and is of interest 
mainly to metallurgists and engineers. A summary of available 
information on the constitution of binary alloys of aluminium has 
been given by E. T. Richards.^® 

The solubility of sodium in molten aluminium has been determined ; 
there is no evidence of solid solubility,^® nor has a solid solubility 
of barium in aluminium been detected.^® X-Ray examination has 
established one compound Al 4 Ba in the aluminium-barium system. 

The solid solubilities of beryllium -- and magnesium in alumin¬ 
ium have been determined. An investigation of the aluminium- 
magnesium alloys shows tliat the two metals are mutually soluble 
in the solid state and can form the compounds AI^Mgg, AlMg, and 
A] 3 Mg 4 .^^ G. Wassermann^^ has shown that the lattice parameter 
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of aluminium is increased by about (>'0045 A. for every 1 atom % 
of magnesium added, and by about 0-001 A. for every 1 atom % 
of zinc. Further X-ray work indicates that the supposed compound 
Al 2 Zn 3 does not exist. 

N. A. Pushin and V. Stajic claim to have detected the com¬ 
pounds AlgGa, AlGa, and AlGag, but this claim is not substantiateii 
by the experiments of E. Jenckel.^® In the system aluminium- 
praseodymium the compounds PrAl, PrAlg, and PrAl 4 are said 
to exist, the last in two modifications. A revision of the diagram 
for aluminium-rich aluminium-titanium alloys has been under¬ 
taken, and the compound TiAlj confirmed.^ It has been shown 
that variations in casting temperature and rate of cooling determine 
whether the TiAl 3 in these alloys separates out as needles or remains 
so highly disj)ersed that the aUoy behaves as a solid solution. 

The solid solubility of antimony in aluminium is less than 0-1% ; 
only one compound, AlSb, is formed in this system. The compound 
decomposes in moist air.^^ 

Dissolution in dilute hydrochloric acid of an aluminium alloy 
containing 1-4% of chromium leaves a residue of rhombohedral 
plates of CrAl 7 .^^ In the aluminium-manganese system, A. J. 
Bradley and P. Jones detected by X-rays the compounds Al 7 Mn 
and AlgMn. Since small amounts of iron profoundly affect the 
equilibria, this system has been re-examined, metals of very high 
purity being used.^® The solid solubility of manganese in aluminium 
was determined, and the existence of AlgMn and Al 4 Mn established. 
An investigation of the system aluminium-cobalt shows that the 
solid solubility of cobalt in aluminium is very small. A eutectic at 
1-45% of cobalt was observed. When the aluminium-rich alloys 
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are treated with dilute acids, a residue having the formula CogAl^ 
is obtained. 

Ternary systems, the constitutions of which have been inves¬ 
tigated, include aluminium-magnesium-silicon,^® aluminium- 
copper-silicon,aluminium-iron-silicon,aluminium-antimony- 
magnesium,^^ aluminium-silver-magnesium,and aluminium- 
nickel-tin.^^ 

Tin Alloys. —The equilibrium diagrams of all the known binary 
alloys of tin have benm compiled and annotated by E. S. Hedges 
and C. E. Homer.A-Ray analysis of the tin-gold system con¬ 
firms the existence of AuSn, AuSng, and AuSn 4 .‘^^ Thermal 
investigation of tin-lithium alloys indicates the oxistfmee of SnLi 4 , 
Sn 2 Li 3 , and Sn 4 Li; X-ray analysis confirms the first two, but not 
the last.^® Other thermal and electrical conductivity measure¬ 
ments in this system demonstrate the compounds SnLi 4 , Sn 2 Li 7 , 
SiigLis, SnLig, SnLi, and Sn 2 Li. The solid solubility of lithium in 
tin is inappreciable.^'^ Tin-barium alloys have been prepared by 
electrolysis of eutectic mixtures of barium and potassium chlorides 
with a molten tin cathode.'*® The system contains the compounds 
SugBa and Sn^Ba. Tin-strontium alloys have been prepared by a 
similar method, and the compounds SiigSr and Sn^Sr identified. 

The tin-arsenic alloys have been investigated by X-rays. 
There is a wide range of solid solubility at both ends of the series; 
the compound SnAs exists, but not SngAsg. Several X-ra}^ investi¬ 
gations of the tin-antimony system have been made.®^ The 

L. Losana, Met. ItaL, 19:U, 23, 375; A., 1932, 907; E. H. Dix, jmi., F. 
Koller, and U. W. Graham, Avier. Inst. Min. Met. Eng., 1930, Tech. Publ. No. 
357, 1; A., 1931, 158. 

G. G. Urazov, S. A. Pogodin, and G. M. Zomornev, Min. Syric i Zvet. 
Mctally, 1929, 4, 160. 

«« V. Fuss, Z. Metallic., 1931, 23, 231; B., 1931, 929. 

E. Loofs-Rassow, Hauszeit. V.A.W.u.d. Erjtwerk A.G. Aluminium, 1931, 
3,20; R., 1931, 1143. 

B. Otani, Kinzoku no Kenkyu, 1933, 10, 262. 

S. Kato, Suiyokai-Shi, 1931, 6, 529; .4., 1932, 567. 

Internat. Tin Res. and Dev. Council, 1935, Tech. Publ. B., No, 2, 1—90; 
A., 1065. 

S. Stenbeck and A. Westgron, Z. physikal. Cke.m.., 1931, [R], 14, 91; A., 
1931, 1223. 

«« A. Baroni, Atti R. Arcad. Lincei, 1932, [vi], 16, 153; A., 1933, 18. 

G. Grube and E. Meyer, Z. Elcktrochem., 1934, 40, 771; A., 1935, 23. 

48 K, W. Ray, Metals and Alloys, 1930, 1, 314; A., 1030, 681. 

4® Idem, Ind. Eng. Chem., 1930, 22, 519; B., 1930, 866. 

W. H. Willott and E. J. Evans, Phil. Mag., 1934, [vii], 18. 114; A., 
1934, 953. 

W. M. Jones and E. G. Bowen, Nature, 1930, 126, 840; Phil. Mag., 1931, 
[vii], 12, 441; A., 1931, 33; K. Iwas6, N. Aoki, and A. Osawa, Set. Rep. 
TShoku Imp. Univ., 1981, 20. 363; A„ 1931, 1364. 



180 


INORGANIC CHBmSTRY. 


compound formed is definitely SnSb, not SugSbg. Single crystals 
of this compound have been obtained.The tin-bismuth system 
has been examined by the X-ray method.A marked effect of 
bismuth in refining the grain size of tin has been noted. 

The solid solubility of silver, copper, or nickel in tin is very small. 
No interraetallic compound has been found in tlie tin-cadmium 
system. 

Re-examination of the tin-iron system gives no evidence of 
FcgSn, but shows the compounds FcgSn, FeSn, and FeSiig. These 
compounds have been confirmed independently by W. F. Eliret and 
A. F. Westgreii and by W. 1). Jones and W. E. Hoare.^^ FeSug, 
but no other tin-iron compound, occurs in tin-plate.®® 

Leud Alloys ,—With calcium, the compounds PbgCa and PbCa 
are formed.®^ A complete equilibrium diagram for tlie lead-lithium 
system has been established; the compounds PbLi, PbgLi.^, PbLig, 
PbgLi;, and PbLi 4 are formed.®^ 

Lead and germanium do not form solid solutions or compounds.®® 
No compound of lead with arsenic is formed, and the solid solubility 
of arsenic in lead is only about 0*01% at room temperature.®^ 
There is no evidence for the formation of a solid solution of antimony 
in lead, or of any definite compound in the series.®® 

An outstanding achievement in lead alloys is the improvement 
of mechanical properties and corrosion resistance of lead by the 
addition of a small amount of tellurium.®® E. 8. H. 
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(1934—1935.) 

Crystal Physics. 

The Electron Theory of Metals ,—It has long been known that the 
characteristic structure of certain alloys is determined not so much 
by its composition as by the ratio of the total number of valency 
electrons to the total number of atoms in the unit cell. Thus, the 
characteristic complex structure of y-brass is shared by the alloys 
Cu^Zug, CU 9 AI 4 , CugSng, Ni 5 Zn 2 i, and many others which all have in 
common an electron : atom ratio of 21 : 13. Similarly, the structure 
of P-brass corresponds to an electron : atom ratio of 3 : 2 , and that 
of £-brass to a ratio of 7 : 4. These ratios, first put forward on 
empirical grounds by Hume-Rothery in 1927, have recently been 
given a quantum-mechanical explanation by H. Jones.^ An attempt 
is here made to give an elementary physical picture which will 
convey the essential features of the theory. 

The state of an electron may be completely defined in terms of 
the three co-ordinates ky., ky, and k. of its momentum. If we 
imagine these co-ordinates to be plotted along three rectangular 
axes, the state of the electron is described by the point {kj., ky^ kfj 
in the momentum space thus defined. If the electron is free, the 
energy associated with the state is proportional to the square of 
the momentum, i,e., to the square of the vector joining the point in 
(question to the origin of momentum space. On account of the 
quantum conditions and the exclusion principle, no two electrons 
may exist in the same state, so that each electron requires for 
itself a definite volume of momentum space, and an assemblage of 
many electrons will occupy a spherical domain whose size is deter¬ 
mined by the number of electrons considered. If the electrons are 
not free, as will be the case in a crystal where we must take into 
account the effect of the lattice field, it can be shown that the energy 
of the electron no longer varies continuously with the momentum, 
but that there are certain planes in momentum space such that 
when the point describing the state of the electron crosses one of 
these planes a discontinuous energy change takes place.^ The 
electrons in the neighbourhood of a discontinuity are those whose 

1 Proc. Roy. Soc., 1934, [Al 144, 225; A., 1934, 483. 
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wave-length and direction would lead them to be reflected by the 
corresponding plane of the crystal. Just below the plane the 
energy is abnormally depressed; just above it, abnormally raised. 
Between successive planes the energy varies continuously with 
momentum and approximates to that of a free electron. It may 
be shown, further, that the planes in momentum space across 
which these energy discontinuities take place are parallel to all 
possible crystallographic planes in the crystal, so that in the case of 
e.^., a cubic substance, the origin is surrounded by a series of 
concentric zones successively bounded by the faces of the cube, the 
dodecahedron, the octahedron, and so on. The magnitude of the 
energy jump across the various zones is not constant, but is pro¬ 
portional to the degree of scattering of electron waves from the 
corresponding plane in the crystal, and therefore closely related 
to the intensity of the X-ray reflexion : if all the atoms in the 
structure have nearly the same atomic number, it is actually 
j)roportional to the amplitude of this reflexion. 

In the y-alloys, experiment shows that, of the })lanes with small 
indices, only those of the forms {411} and {330} give rise to strong 
X-ray reflexion. We therefore conclude that the first planes in 
momentum space outwards from the origin across which the energy 
shows an appreciable discontinuity are those lying parallel to faces 
of these two forms. The figure bounded by these twT.) forms is a 
polyhedron of 36 faces, not very far from spherical in shape. 

Let us now imagine that the number of electrons in the structure 
is gradually increased from zero. At first, the Fermi distribution, 
^^e., the volume occupied by the states of the elecitrons in momentum 
space, will grow very nearly spherically until it comes into proximity 
with the faces of the zonal polyhedron. When the sphere touches 
the zone, the distribution will no longer grow in that particular 
direction, since to do so would correspond to a large energy incre¬ 
ment, but rather in other directions in which growth can still take 
place without the zone being crossed. The distribution wiU there¬ 
fore ultimately assume a distorted shape approximating to that of 
the zone. Jones has calculated that in the case of the y-alloys, for 
a unit cell containing 52 atoms, the spherical Fermi distribution 
inscribed in the zonal polyhedron corresponds to 80 electrons, 
whereas the whole polyhedron would hold 90. The actual number 
of electrons in the unit cell is 84, so that in the y-alloys the surface 
of the Fermi distribution lies very close to the surface of energy 
discontinuity. This Jones states to l>e the distinguishing feature 
of the y-structures. The exact filling of the zone corresponds to 
lowering of the energy of the lattice relative to other lattices with a 
different zone arrangement, and consequently adds stability to the 
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structure. In terms of the theory of diamagnetic susceptibility 
given by R. Peierls,® it accounts for the remarkably large diamagnetic 
susceptibilities of the y-alloys, and it also gives an explanation of 
the large Hall coefficient which these alloys show. 

H. Jones ^ has now extended the theory to the case of c- and 
7 )-phases, and has succeeded in accounting for the observed variation 
of the axial ratio with composition in these phases and also for the 
range of composition over which the phase is stable. In these 
cases, and also in the case of bismuth, there is a very small but 
finite ‘ overlap ’ of the Fermi distribution beyond the first Brillouin 
zone. From this, the diamagnetic susceptibilities of bismuth and 
some of its alloys, and also the magnetostriction, are deduced in 
good agreement with experiment. 

The application of the theory to the p-phase has been considered 
by U. Dehlinger,^ who shows that in this case the first zone is only 
partially filled, since the number of electrons which it would accom¬ 
modate is two per atom whereas the observed electron : atom 
ratio is 3:2. This, according to Dehlinger, corresponds to the 
fact that P-phases are stable only at high temperatures. 

As the result of these theoretical advances, we are now in a 
position to get a general view of metal chemistry and its relation 
to the other parts of chemistry. Such a picture has been given 
by F. Hund.® In it, electrons are pictured as occupying bonding 
and anti-bonding states. If each atom brings so few electrons that 
only part of the former are filled, the result is a metal of the general 
A type of alkalis and alkaline earths. When the bonding zone is 
exactly filled, the result is an insulator of the type of diamond. 
If part of the next anti-bonding zone is filled, the result will be 
again a metal, but of the B type of bismuth or tellurium (the 
electrons of course can be used to form a closed shell molecule as 
in red selenium, Scg, or yellow phosphorus, P^). Finally, if both 
zones are filled, the result is again an insulator, this time a rare gas. 

The theory of the A type metals is fairly satisfactory. K. Wigner 
and F. Seitz ^ and J. C. Slater ® have calculated the energies and 
lattice constants of sodium and lithium on the basis of free electron 
binding. 

With the adamantine class and the B-group metals, it is 
impossible to go so far. Clearly, here a considerable part of the 
lattice energy is derived from the degree of filling of the Brillouin 
» Z, Physik, 1933, 80, 763. 

* Proc. Roy, Soc„ 1934, [A], 147, 396; A„ 1935, 153. 

Z. Phyaik, 1935, 94, 231; Metallwirt,, 1935, 14, 145. 

® “The Solid State of Matter,” Phys, Soc, Rep,, 1935, p. 36. 

’ PhymcalRev,, 1933, 43, 804; 1934, 46, 509, 1102; 1935, 47, 400. 

« im., 1934, 46, 794; Rev, Mod, Physics, 1934, 6, 209. 
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zones as in the Jones theory. The corresponding calculations 
have been done for the diamond® with qualitatively satisfactory 
results, although no theory has as yet served to explain the very 
remarkable optical and photoelectric properties of diamonds which, 
as (Sir) Robertson, J. J. Fox, and A. E. Martin have shown, 
differentiate them into two widely different types. 

The adamantine compounds can, however, also be formulated as 
macro-molecules with shared electron orbitals. They mark the 
boundary between the explanation of crystal structures by metallic 
or by homopolar conceptions. 

The structure of the transition metals offers more theoretical 
difficulties because here the core as well as the free electrons has to 
be taken into account. K. Fuchs has calculated the equilibrium 
copper lattic^e with fair success. 

The magnetic and electrical properties of the transition metals 
and of some of their alloys, particularly those of nickel, have been 
discussed from a somewliat different point of view by N. F. Mott.^^ 
In the case of the transition metals partially filled d levels exist, and 
the extra electrons (contributed by other atoms in the alloy can go 
to fill up these levels. U. Delilinger from structure considerations 
concludes that all the transition metals except iron contain only 
one 8 electron. We are, however, far from having as yet an adequate 
theory of the transition metals. 

Order-Disorder Transformations in Alloys ,—Where two metals 
are alloyed together, a series of solid phases is in general formed. 
The composition of each phase can bo varied continuously over a 
certain range, within which the alloy remains homogeneous, and 
which generally includes a composition of relatively simple atomic 
proportions. We may therefore regard each phase as having some 
ideal composition, departures from which can take place without 
the appearance of a new phase by the statistical replacement of 
some atoms of one constituent by atoms of the other. Thus, to 
take a concrete example, in the system Au-Cu two of the phases 
have the ideal compositions CuAu and CugAu. When we investigate 
the structure of such a phase, we find in general that in a properly 
annealed specimen the two types of atom assume definite relative 
positions in the stnacture. In the phase GiigAu, the gold atoms are 
found at the corners of a simple cubic unit cell, the copper atoms 
occupying the centres of the faces. Such a structure is termed a 

® W. F. Laschkarev and A. S. Tschabau, Physikal. Z. Sovietunion, 1935, 8, 
240; Kimball, J. Chem. Physics, 1935, 3, 560; Nath, Proc. Indian Acad,, Sci., 
1934,1, [A], 333; 1935, 1, [A], 841; 2, [A], 143. 

Phil. Trans., 1934, [A], 232, 463. 

Proc. Boy. Soc., 1936, [A], 161. 585. 

12 Proc. Physical Soc., 1935, 47, 671. i® Z. Phyeik, 1935, 96, 620. 
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* super-lattice.’ If, however, the alloy is not annealed hut quenched 
from a sufficiently high temperature, we find that, while precisely 
the same sites are occupied by atoms as in the super-lattice, the 
distribution of the two metals between them is no longer regular 
but purely random. Thus, in the example we have quoted, the 
structure becomes essentially a face-centred cubic one, with a unit 
(^ell of the same size as before, but in which each site is occupied by 
(-|Cu -f- JAu). 

The transition between the ordered distribution in the super¬ 
lattice and the corresponding disordered arrangement has been the 
subject of much recent work.^^ All the authors agree in treating 
it essentially as a problem of dynamic equilibrium in which the atoms 
seek to take up the ordered arrangement of lowest potential energy, 
while thermal agitation seeks to promote a state of disorder. Hero 
Ave shall follow in the main the discussion of W. L. Bragg and 
E. J. Williams, for although it cannot claim to be the earliest treat¬ 
ment of the order-disorder transformation, yet it contains many 
novel features and has the additional advantage of being mathe¬ 
matically less formal than that of the other authors, and therefore, 
perhaj)s, more suitable for this Report. 

Consider a structure in a condition intermediate between the 
ex trem e ordered and d isordei ed states. Its state m ay be represented 
by a quantity S, the dc^gree of order,, whose value is unity for the 
ordered arrangement of the super-lattice and zero for the state of 
complete disorder. (The exact definition of S is irrelevant for our 
discussion, and in fact, the cpiantity is differently defined by the 
several authors.) For a given value of and at a given temper¬ 
ature T, we may then define a cpiantity V as the increase in potential 
cmergy of the crystal when one atom is moved from an ordered to a 
disordered position. This quantity V is not a constant but a 
function of S, for when S ~ 0 the distinction betwx^cn ordered and 
disordered positions vanishes and V must be zero; V will rise to a 
maximum value Vq when S ~ 1. As a first approximation, V is 
assumed to be proportional to iS and to vary only slowly with 2\ 
The general form of the variation of F as a function of S at several 
different temperatures is shown by the curves of Fig. 16. 

If, now, we consider the crystal at a temperature 2\ the condition 
that a degree of order S is one of dynamical equilibrium at that 

W. Gorsky, Z. Fhysik, 1928, 60. 64; U. Dehlinger, ibid., 1933, 83, 832, 
and earlier papers; Z. physikal. Cfiem., 1934, [ii], 26, 343; A., 1934, 724; 
G. Borelius, Ann. Physik, 1934, 20, 57, 650; A., 1934, 724; 1935, 24, 489; 
W. L, Bragg and E. J. Williams, Proc. Boy. Soc., 1934, [A], 145, 699; A., 
1934, 954; 1935, [A], 161, 540; H. A. Bethe, ibid., 160, 552; A., 1193; W. 
Hume-Rothery and H. M. Powell, Z. Krist., 1935, 91, 23. 
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temperature leads to an expression for ^ as a function of V and T. 
Here we shall expect the form of the relation to be more exactly 
determined, for on the assumption of thermal equilibrium, the 
distribution of atoms as between the ordered and the disordered 
position will be given by the Boltzmann relation as a function of 
V/kT, Without entering into details, we may say that Bragg and 
Williams show that the general form of the relation will be that 
shown by the curves of Fig. la. At low temperatures, or for large 
values of F, the degree of order approaches unity, while for small 
values of V or under conditions of extreme thermal agitation, the 
degree of order is very small. The equilibrium degree of order at 
any temperature T is given by the intersection of the two corre¬ 
sponding curves of Fig. 1. At high temperatures the only inter¬ 
section is at 0, corresponding to complete disorder. At low temper¬ 
atures it is easy to see that the intersection at 0 corresponds to an 


Kig.1. 



unstable equilibrium, and that a second intersection at a finite value 
of 8 represents the stable equilibrium. This value of 8 tends to 
unity as T approaches zero. This second intersection will only 
occur below a certain critical temperature and from the nature 
of the curves it is clear that the point of intersection varies very 
rapidly as T falls below this critical temperature. On cooling, there 
is therefore a sudden onset of order below followed by a more 
gradual increase towards unity. 

Formally, the theory of order-disorder is closely analogous to 
that of ferromagnetism, the ordered form corresponding to the 
ferromagnetic, and the disordered to the paramagnetic state; 
Tc corresponds to the Curie point. 

The existence of this critical temperature is the most important 
feature of the theory, for it is to be expected that at this temperature 
many of the physical properties of the alloy will display sharp 
changes. In particular, anomalies in the specific heat will be 
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expected, for as the temperature of the alloy is raised, extra thermal 
energy must he supplied to break down the ordered structure of the 
crystal. The specific heat will, therefore, rise gradually to the 
critical temperature and then, all order being destroyed, fall abruptly 
to its normal value. Bethe, who discusses the question of specific 
heats in rather more detail, shows that, although the order as 
defined by Bragg and Williams disappears at the temperature Tc, 
there is still a measure of ‘ local order ’ which persists above this 
temperature and contributes to the energy of the structure. Above 
Tr. therefore, the specific heat of the alloy is still somewhat larger 
than its normal value. In this form, the theory is in very satis¬ 
factory agreement with the specific-heat measurements of C. Sykes 
on the alloy CuZn. 

A somewhat different type of transformation between the ordered 
and disordered states takes place when the curves of Fig. la have a 
])oint of inflexion, being curved to the x axis in the neighbourhood 
of the origin. This will be the case, as Bragg and Williams show, 
for the alloy AI 3 AU. Now, there will no longer be a continuous, 
albeit rapid, decrease of S as the temperature reaches Tc, for there 
will be a certain temperature at which the curve of Fig. lb will be 
tangential to that of Fig. la, not at the origin but at some point 
corresponding to a finite value of S. Above this temperature, the 
(airves will not intersect at all and the degree of order will fall 
abruptly to zero. In this case, the energy change associated with the 
transformation must be regarded as a latent heat of transformation 
rather than as an anomalously high specific heat. Here again, the 
theory is in satisfactory agreement with Sykes’s measurements 
on CugAu. 

In both cases the development of the ordered from the disordered 
phase is a process which depends on the rate of cooling. At any 
given temperature below Tc there is a definite rate at which the 
order increases. Bragg and Williams have shown that a time of 
relaxation t exists, after which the departure from equilibrium 
reaches 1 je of its original value T, and which is given by 
where A == and is the temperature for which the 

time of relaxation is 1 sec. If TjT^ is |, t is 30,000 years, so that 
the alloy will never in practice reach order at temperatures less 
than This fixes another characteristic temperature, the 

importance of which is that no ordered state for which Tc < ^T^ 
can ever be formed by cooling. This is the probable reason why 
superstructures other than very simple ones do not appear. 

The theory of order and disorder in crystal structures has been 
studied chiefly in metals, but analogous phenomena are being 
« Proc. Boy. Soc., 1935, [A], 148, 422. 
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observed with increasing frequency with other compounds, particu¬ 
larly among mixed oxides, sulphides, and halides. The interstitial 
and subtraction ‘‘ BerthoJIide ” compounds have, in general, 
atoms which occupy a larger number of lattice points, cither regularly 
(ordered) or statistically (disordered). These compounds have 
been discussed by E. J. W. Verwey and G. Hagg.^8 Qf particular 
interest is the compound Ag2Hgl4 which exists in two forms—a 
tetragonal form with definite positions of the metal atoms, and a 
higher-temperature cubic form in which the metal atoms occupy 
statistically three out of the four octahedral positions. A more 
extreme case is provided by the high-temperature form of silver- 
iodide,^ where the silver atoms occupy one of the three possible 
octahedral holes of the body-centred iodine lattice. 

Further examples of this phenomenon are (LPTi'* ‘’)0 with 
an NaCl lattice, Ce2/3W04 isomorplious with CaW04, the tungsten 
bronzes Na^WOa,^^ in which the WO3 lattice takes up Na atoms by 
lowering the tungsten valency, and the heteropoly - acids. 

This phenomenon is closely related to the polysynthetic twinning 
which is being found very frequently in layer and chain lattices. 
Cadmium bromide,for instance, occurs in a cell containing one- 
third of a molecule due to existence of alternate layers of CdClo 
and Cdig structures. Pd(NH3)2Cl2,^® AgCN,^^ and cristobalite 
show analogous two-dimensional lattices. Disordered and statistical 
phenomena in crystals are, indeed, generally to be expected wheneve!* 
different stnictural arrangements exist having approximately the 
same energy. 

Formally analogous to the order-disorder phenomenon is that of 
the rotation of molecailes in crystals.The general theory has 
now been given by R. H. Fowler. 3 <> Two kinds of change occur, in 
general. In the first, the inception of rotation coincides with a 
change of crystal structure and there is a definite latent heat. 

See Ann. Reports, 1933, 30, 381. J. Chem. Physics, 1935, 3, 592. 

Z. Krist., 1935, 91, 114. 

J. A. A. Ketelaar, ibid,, 1934, 87, 436; A., 1934, 947; Z. physikal. 
Chem., 1934, {B], 26, 327; 1935, 30, 53. 

20 L. W. Strock, Z. physikal. Chem., 1934, [/^], 25, 441; A., 1934, 834. 

21 E. Kordes, Z. Krist., 1935, 91, 193; 92, 139, 

J. Beintema, Proc. K. Akad. Wetensch. Amsterdam, 1935, 38, 1011. 

G. Hagg, Z. physikal. Chem., 1935, [B], 29, 192; Nature, 1935, 136, 874. 

24 See ref. (97), p. 220. See ref. (94), p. 209. 

2 ® F. G. Mann, (Mias) D. Crowfoot, D. C. Gattiker, and (Mrs.) N. Wooster, 
J., 1935, 1642. 

27 C. D. West, Z. Krist., 1935, 90, 555; A., 1194; 1934, 88, 173. 

2» W. Nieuwenkamp, ibid., 1935, 90, 377. 

2 * See Ann. Reports, 1931, 28, 290. 

»» Proc. Roy. Soc., 1936, [A], 161, 1; A., 1197. 
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In the second, the inception of rotation is gradual, but it becomes 
complete at a definite temperature : there is no latent heat but an 
anomalous rise in the specific heat. In general, these first and 
second types of change occur in different substances, but B. Ruhe- 
mann has shown that both occur in ammonium chloride, the first 
at high the second at low pressures. L. Landau has given the 
theory of this change-over, and has shown that a critical pressure 
must exist at which the two types coincide. The theory cannot be 
given hero, but it expresses the fact that an increase of interaction 
between the movable parts beyond a certain degree causes all to 
move when one does, and therefore a change from the second to the 
first type of i ransformation. J. D. B. 


The Properties of Real Crystals. 

The mechanical properties of real crystals, in so far as they depart 
from those to be expected in a crystal having an ideal structure, 
were discussed in the last Report on (Crystallography. During the 
period under review, however, the nature of the real crystal has been 
the subject of so many publications that no excuse is offered for 
once again discussing this subject. Apart from individual papers, 
two especially important publications may be mentioned : viz., 
the Report of the International (Conference on Physics on the 
Solid State of Matter ^ and an issue of the Zeitschrift fiir Kristal- 
logra'pliie ^ devoted entirely to the real crystal. 

Secondary Structure .—The conception of a crystal as having a 
block-like structure was originally advanced to explain the fact that 
the observed X-ray reflexions from a crystal are very much more 
intense and extend over a much wider angle than is to be expected 
from an ideal structure. This conception has since been applied 
in an attempt to explain many other ‘ structure-sensitive ’ properties, 
notably breaking strength, which cannot be satisfactorily accounted 
for in terms of the ideal lattice. The exact nature of this secondary 
structure, and even its very existence, is still, however, the subject 
of violent controversy. Thus, while many results are interpreted 
in terms of sucJi a structure, and others ^ are alleged to give direct 
proof of its existence, other authors ^ have marshalled many facts 
which they claim render such a structure impossible, and at the 

Phymkal. Z. Sovietunion, 1935, 8 , 113. 

^ The Physical Society, London, 1935; hereafter referred to as Phys. Soc. 
Rep, 

2 1934, 89, 193—415. 

3 F. Bitter, Physical Rev., 1932, 40, 125; A., 1933, 1234. 

^ H. E. Buckley, 1934,89.221,410; .4., 1935, 150; M. J. Buerger, 

ibid., p. 242. 
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(same time criticise the evidence on which the secondary structure 
is based. Among the principal objections to a mosaic structure of 
the type postulated by Zwicky are : (1) The fact that coherent 
crystals can be grown as thin plates or hairs with linear dimensions 
less than those of the mosaic blocks. (2) The internal perfection 
of crystals which makes their use in optical systems possible. 
(3) Intersecting glide planes. Gliding is supposed to take place on 
so-called 7r-planes: gliding on two intersecting rr-planes could 
only occur if the glide distance was an exact multiple of the 7r-plane 
spacing. (4) Crystal strength. The very low strength of crystals, 
compared with the value calculated from the ideal structure, does 
not require any secondary structure and can be explained as due to 
a tearing of the crystal starting from surface cracks.^ A. Joffe ® 
has shown that under aj)proj)riate conditions strength approximating 
to the theoretical can be achieved, while with glass, where there is 
no question of mosaic structure, the abnormally low strength 
observed can be attributed to tearing. Mica stretched in such a 
way that the edges remain vstressless increases in strength ten times. 
(5) The energetics of the problem.*^ 

A number of interesting observations have been explained by 
A. Goetz ® in terms of a ‘ group ’ structure, but here again there are 
many objections.® 

Another type of secondary structure, which seems to be less 
open to criticism, is the ‘ lineage structure ’ of M. J. Buerger.^® 
Here all crystals are regarded as essentially filled in dendritic 
frameworks. The lack of perfect parallelism between lineages 
accounts for the observed decrease in X-ray extinction, but the 
structure is essentially not a mosaic one. It is only accurate to 
apply the term mosaic to one cross section of the crystal, for in 
three dimensions the mosaic ‘ blocks ’ join one and the same parent 
stock at the original crystal nucleus. The ‘ blocks ’ are lineages 
just as are the branches of a dendrite. Buerger supports his views 
by a number of beautiful photographs, and is able to account in a 
general way for most of the structure-sensitive properties normally 
explained in terms of a secondary structure. In this connection 
we may refer the reader to the work of A. Papapetrou on the growth 
of dendritic crystals. 

On the experimental side, the extreme difficulty of obtaining 
reproducible results, and the amazing discrepancies between the 

E. Orowan, Phys. Soc. Eep,, p. 81; Z. Krist,, 1934, 89, 327; A.^ 1936, 151. 

Phys, tSoc. Pep,, p. 77. 

’ M. J. Buerger, Z. Krist., 1934, 89, 242; E. Orowan, Phye, Soc. Eep.^ p. 81, 
» Z. Krist.^ 1934, 89, 310; A., 1936, 161; Phys. Soc. Eep., p. 02, 

» H. E. Buckley, Z. Kriat., 1934, 89. 221; A., 1936, 160. 

Ibid., p. 196, Ibid., 1935, 92, 89, 
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observations of different schools, make it difficult to establish any 
unquestionable conclusions. To instance only one example, all 
authors are agreed that wetting a rock salt crystal has a profound 
effect on its plastic properties and breaking strength. K. Wenden- 
burg argues that the effect is a volume one due to penetration of 
the water into the crystal, since the effect persists if the surface is 
subsequently dried. Absorption spectra are also said to reveal 
the presence of water in th e crystal. A. Joffc, ^ ^ however, claims that 
the effect cannot be a volume one since the strength of a wetted 
crystal, one region on the surface of which is protected by vaselin, 
is that of a dry crystal. If water entered the volume of the crystal 
it would penetrate to all parts in spite of the vaselin. 

That a secondary structure is not an essential characteristic of 
crystal is indicated by the fact that crystals of rock salt can be 
prepared which give the X-ray reflexion deduced from the ideal 
lattice. A summary of existing theories of real crystals is given 
by A. Smekal.^^ 

Plasticity .—Closely allied to the question of secondary structure 
is that of the plastic properties of single crystals. In the “ Distor¬ 
tion of Metal Crystals ” and elsewhere,accounts are availa))le 
of the many observations on plastic deformation. The essential 
features which any theory of plasticity must explain are : (1) Plastic 
distortion sets in when the shear stress reaches a certain critical 
but very small value. (2) The distortion may take place either 
by gliding along definite (Tysballographic planes in definite directions, 
or by twinning, (3) The occurrence of plastic deformation is 
always accompanied by a ‘ hardening ’ or increase in the stress 
required to produce further deformation. In this connexion, it is 
important to realise, as A. W. Stepanow has pointed out, that 
breaking strength and plasticity are in no way related, and that no 
increase in breaking strength takes place on plastic deformation. 
The anomalously low breaking strength, as we have seen, is to find 
its explanation in the secondary structure : it can only be measured 
under conditions in which plastic flow is prevented. 

Z, Krist., 1934, 88, 727; A., 1934, 721. 

Phya, Soc. Pep., p. 72; see also E. W. Zohnowitzer, Nature, 1936, 136, 
1076; A., 966. 

M. Romiiger, Naturwiaa., 1934, 82, 334; A,, 1934, 720; Z. Kriat., 1934, 
89, 344; A., 1935, 151; P. P. Ewald and M. Renniger, Phya. Soc. Rep., p. 67. 
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W. G. Burgers, Phya. Soc. Rep., p. 139; E. Schmid, ibid., p. 161; W. G. 
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The same author has suggested that plasticity may be accounted 
for in terms of the intense local heating developed in the neighbour¬ 
hood of the glide planes, which produces a temporary dissociation 
of the lattice. That such a mechanism is not impossible is indicated 
by the experiments of F. P. Bowden and K. E. W. Ridler,^® who 
found that the surface temperature of sliding metals may roach 
very high values although the bulk of the metal remains at room 
temperatures. High temperatures produced by plastic deformation 
may play an important part in detonation .21 The groat plasticity 
of silver chloride compared with that of rock salt, which has the same 
structure and very nearly the same lattice dimensions and lattice 
energy, suggests that the difference may be due to the difference 
of polarisation properties of sodium and silver, which also accounts 
for the absence of cleavage in silver chloride. 

A more precise, mathematical theory of the plasticity of crystals 
has been developed by G. 1. Taylor, 23 who pictures slip as taking 
place by the propagation of a ‘ dislocation ’ along the slip plane. 
Such a ‘ dislocation ’ may be pictured by c;onsidering a point P in 
the slip plane, such that some distance beyond P the lattice is 
continuous across this plane, while at some distance on the other 
side of P the lattice is again continuous but with the portion on one 
side of the slip plane displaced relative to that on the other through 
the length of the unit cell. In the immediate neighbourhood of P, 
the lattice is distorted, but where P has passed along the slip plane 
the ideal lattic*e is restored except that one half is displaced relative 
to the other. To bring about sucdi a displac'ement by causing all 
the atoms in one plane to jump simultaneous!}^ through the length 
of one unit cell would require a force of the order of magnitude of the 
elastic modulus, but if the displacement occurs by the atoms in the 
neighbourhood of the dislocation jumping one by one, thereby 
propagating the dislocation, the force required is much smaller, 
since the field of force in the immediate neighbourhood of the dis¬ 
location is profoundly altered. Calculation shows, in fact, that under 
the influence of the smallest stress, thermal agitation alone should 
suffice to propagate the dislocation, so that an ideal lattice should 
be infinitely weak. Taylor overcomes this objection by supposing 
that, after travelling a distance L, the dislocation encounters one 
of the ‘ faults ' of the secondary structure and then stops. In this 

Z, Physik, 1933, 81, 560. 

*0 Proc. Camb, Phil. Soc., 1935, 31, 431. 

A. Michel-Levy and H. Muraour, Compt. rend.f 1934, 198, 1499; A., 1934, 
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22 A. W. Sfcopanow, PhysiJcal. Z. Sovietuniorif 1934, 6, 312; 1936, 8, 25. 
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way a parabolic relation is derived between the stress and the amount 
of plastic distortion, which is in good agreement with observations 
on rock salt and metal crystals. The experiments enable a value of 
L of about 1(H cm. to bo deduced, and this is of the correct order of 
magnitude for most of the theories of secondary structure. 

Another picture of the mechanism of plastic deformation, due to 
E. Orowan,24 regards it as essentially a dynamic x^henomenon. 
Consider a crystal under the influence of a shearing stress Ta, itself 
insufficient to cause gliding. Under the influence of local thermal 
fluctuations, the stress will occasionally reach a value exceeding 
some critical value and local slip will take place. This is most 
likely to happen at places where the stress is already concentrated 
owing to material inhomogeneities, so that we must replace the mean 
stress Ta by where g is a factor expressing the local concentration 
of stress. The increase of stress from gxa to corresponds to an 
increase of elastic energy juoportional to (tr — and it is 

therefore assumed that the probability of such an occurrence is 
given by the Boltzman equation W const, x ~ The 

velocity of the deformation process is evidently proportional to this 
probability. In this form, the theory gives a finite rate of deform¬ 
ation for all values of the applied stress. The exponential factor, 
however, results in such a rapid increase in velocity with applied 
stress that there will be some critical stress below which the velocity 
is too small to be observed, as is found to be the case experimentally. 
Orowan’s theory gives a satisfactory account of the parabolic 
relationship between stress and amount of deformation, and also of 
the observed temperature variation of critical stress. A suggested 
combination of the theories of Taylor and Orowan has been advanced 
by Burgers and Burgers.^^ J. D. B. 

Crystajxogbaphy. 

The Technique of Structure Analysis .—The field of X-ray structure 
analysis has enjoyed two important additions to its bibliography 
during the period under review. “ International Tables for Crystal 
Structure Determination ^ is the outcome of the work of an inter¬ 
national committee of crystallographers set up 1929,^ and contains 
a wealth of information for those engaged on structure analysis. 
The first volume comprises diagrams of the equivalent general 
position in the 230 space groups, together with the sliructure factors 
and a list of the characteristic reflexions both for the general and 

a* Z. Phyaik, 1934, 89, 606, 614, 634; 1935, 97, 673. 

Op, cit., ref. (17). ^ Bell, 1936 (two vols.). 

a See Ann. Reports^ 1931, 28, 263. 

BEP.—^VOL. XXXII. 
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for special positions in each space group. The second volume 
contains tables of many trigonometrical functions and physical 
quantities frequently required in structural analysis, as well as an 
account of graphical methods of interpreting X-ray photographs. 

X-Rays in Theory and Experiment,” ® a second and greatly 
enlarged edition of “ X-Rays and Electrons,” contains some 150 
pages devoted to a very full account of the theory of the diffraction 
of X-rays by a crystal grating, miich of which was previously 
unavailable in the English language outside original papers. 

The experimental methods of structure analysis have suffered no 
fundamental changes in the last two years. Two papers,^ dealing 
with the Weissenberg camera and with the interpretation of the 
photographs obtained, reflect the increasing use which is being made 
of this instrument. Photographic methods of intensity measure¬ 
ment have now become a common practice. In a moving-film 
camera described by J. M. Robertson,® the crystal under investi¬ 
gation and a standard crystal are alternately exposed to the X-ray 
beam so that a number of reflexions of known intensity are present 
on the film: by comparison with these reflexions, unknown intensities 
can be determined with an accuracy amply sufficient for structure 
analysis in a fraction of the time required for ionisation-spectrometer 
measurements. The method, moreover, is available for many 
substances which will not form crystals sufficiently large for use on 
the ionisation spectrometer. Conditions necessary for making 
accurate intensity measurements on powder photographs have been 
discussed by G. W. Brindley and F. W. Spiers,® by J. C. M. Brentano,*^ 
and by B. W. Robinson."^"^ Precise measurements of lattice constants 
and the geometrical and other errors which arise in such measure¬ 
ments are review^ed by several authors.® Various methods have been 
suggested® for reducing the exposure times required for powder 
photographs. New forms of camera suitable for use at low temper¬ 
atures or where the crystal must be kept in a vacuum have been 
described by E. Pohland and by B. Ruhemann.^^ 

3 A. H. Compton and S. K. Allison (Macmillan, London, 1935). 

* M. J. Buerger, Z, Krist.^ 1934, 88,356; (Miss) D. M. Crowfoot, ifeid., 1935, 
90, 215. 6 PUL Mag., 1934,18, 729. 

« Proc. Physical Soc., 1934, 46„ 841. ’ Ibid., 1935, 47, 932; A., 1306. 

Ptoc. Roy. Soc., 1934, [A], 147, 467. 

« M. U. Cohen, Rev. Sci. Instr., 1935,6,68; J. Koppel, J.Phya. Radium, 1934, 
6,145; A., 1934, 587; E. R. Jette and F. Foote, J, Ohem. Physics, 1935, 3,605. 

» W. E. Schmid, Z. physikal. Chem., 1933, [B], 23.347; A., 1934,162; J. P. 
Blewett, J. Sci. Instr., 1934, 11, 148; A., 1934, 624; A. Rogosunski, Compt. 
rend., 1934, 198, 953; A., 1934, 503. 

Z. physikal. Chem., 1934, [B], 20, 238; A., 1934, 986. 

Physikal. Z. Sovietunion, 1935, 7, 572. 
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The great power of X-ray methods, and especially of the powder 
method, in attacking many problems of a more general character 
than those involved in pure structure analysis, is at last being 
recognised. Such varied problems as a qualitative and even 
quantitative chemical analysis of material of which only minute 
quantities are available, the determination of grain size in metals 
and other crystalline substances, and the detection of strain in 
castings, have all been successfully attacked by X-ray methods. 
An investigation into the constitution of bleaching powder was 
largely carried out by these methods, while W. P. Jesse has 
described quantitative analyses of metal systems accurate to 1 %. A 
special number of the Kolloid Zeitschrift (1935, 69, Heft 3) is devoted 
to X-ray and electron methods in colloid science, while a popular 
account of such apjjlications of X-ray analysis, especially in the 
industrial field, has been published.^* Yet it is true to say that there 
are many investigations to which these methods are particularly 
suited which are still being attacked by older and less satisfactory 
means. 

One important contribution has appeared during the period 
under review which promises to be of considerable value in the 
elucidation of complex structures. The representation of the 
electron density throughout a structure, as projected on any 
plane in the structure, by means of a Fourier synthesis affords an 
elegant means of presenting the results of a structure analysis. 
It is not, however, of great value in determining an unknown struc¬ 
ture, for although intensity measurements give us the magnitudes 
of all the terms of the Fourier synthesis, they can tell us nothing of 
the signs. These signs can only be determined when the positions 
of most of the atoms in the structure have been found by other 
experiments. A. L. Patterson has shown that, if we form the 
Fourier synthesis, using not the amplitudes but the intensities of 
the X-ray reflexions as the coefficients of the corresponding terms in 
the synthesis, the resultant plot is such that the vectors joining the 
origin to each of the several peaks represent in length and direction, 
but not, of course, in position, interatomic distances in the structure. 
In Fig. 2a an example of such a plot is given for hexachlorobenzene. 
This substance is monocUnic, and the plane of the benzene ring is 
nearly parallel to the (010) face. Fig. 26 shows a projection of the 

C. W. Bunn and others, Proc. Boy. Soc., 1935, [A], 161, 141 (see this vol., 

p. 168). 

« Bev. ScL Instr,, 1935, 8, 47; A., 1934, 446. 

Industrial Application of X-Ray Crystal Analysis,” H.M. Stationery 
Office, 1934. 

Physical Bev., 1934, 46, 372; A., 1934, 1160; Z. Knst., 1935, 90, 517, 
643; A., 1193. 
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molecule on this face, and all the prominent peaks in Fig. 2a may be 
readily associated with the corresponding interatomic distances 
in the molecule. The distances in Fig. 26 give rise to the peaks in 

Fiq. 2a. 

Hexachlorohenzene. Contour map of the F®(h01) series. 



Q 


Fig. 2a bearing the same letters. In more complex structures, the 
number of interatom distances will be so large that only the most 
prominent between the heaviest atoms will be expected to stand out 

Fig. 26. 

Interatomic distance diagram for the 0^,01^ molecule. The inner ring consists 
of carbon atoms, the outer of chlorines. The interatomic distances indicated are 
repeated six titnes in approximate hexagonal symmetry. The molecule is actually 
centrosymmetrical. The distances in this diagram give rise to the peaks in Fig. 2a 
bearing the same letters. 



in a Patterson synthesis, and to this extent the method has its 
limitations and perhaps gives little more information than would be 
deduced from general considerations by an experienced worker in 
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structural analysis. At the same time, the Patterson synthesis 
does afford the only means of giving an unprejudiced presentation 
of all the information which may be directly derived from the 
experimental material. The method has already been applied to a 
determination of the structure of nickel sulphate heptahydrate 
where it threw considerable light on the position of the nickel and 
the sulphur atoms. 

The tedious calculations involved in the formation of a Fourier 
synthesis may be considerably lightened by the methods of C. A. 
Beevers and H. Lipson and J. M. Robertson.^® R. C. E. 


Crystal Chemistry. 

There have been no notable advances in general crystal chemistry 
in the past two years. The general picture elaborated by Bragg, 
Goldschmidt, and Pauling still continues to hold the field. L. 
Pauling and M. L. Huggins ^ have, however, extended their work 
on atomic dimensions to include covalent binding. In an important 
paper they discuss the theory of the covalent link on the basis of 
the directed bond picture. This enables them to predict the 
magnetic moments to be associated with the four types of bonds 
discussed, viz., the tetrahedral bonds the square bonds dsp^, 
the octahedral bonds and the 8-co-ordinate bonds d^sp^. In 

this way they are able to distinguish between ionic and co¬ 
valent bonding in complexes. For instance, they show that the 
FePg complex is essentially one of ionic bonds, whereas Fe(CN)e 
has covalent bonds. In a semiempirical way they construct tables 
which give an effective radius for the tetrahedral, square, and octa¬ 
hedral and trigonal prism radii. These tables are given below. 

Stmidurd Tetrahedral Radii. 


Bo. 

B. 

C. 

N. 

O. 

F. 

107 

0-89 

0-77 

0*70 

0*66 

0-64 

Mg. 

Al. 

Si. 

P. 

S. 

Cl. 

1-40 

1-20 

1-17 

MO 

104 

0-99 


Cu. 

Zn. 

Ga. 

Ge. 

As. 

Se. 

Br. 

1-35 

1*31 

1-26 

1-22 

M8 

M4 

Ml 

Ag. 

Cd.. 

In. 

Sn. 

Sb. 

Te. 

I. 

1*53 

1*48 

1*44 

1*40 

1-30 

1*32 

1-28 


Au. 

Hg. 

Tl. 

Pb. 

Bi. 



1-50 

1-48 

1-47 

1*46 

1*46 


i« 

C. A. Beevers and C. M. 1 

Schwartz, Z. 

Knst., 1935, 91, 167. 


17 

Phil. Ma^ 

1934,17, 865 


Ibid., 

1936, 21, 176. 


\ 

Z. Krist., 

1934,87. 205; 

A., 1934, 350. 
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Standard Octahedral Radii {from Pyrite-type Crystals). 


Rul Bh\ Pd\ Ag\ 

Valency. Fe. Co. Ni. Oaf Ir / Pt/ Au ( 

II . 1-23 1-32 1-39 1-33 1-43 1-60 1-64 • 

in . 1-22 1-31 1-32 1-42 1-49 

IV . 1-21 1-31 1-41 

♦ Obtained by extrapolation. 

Square Radii, 

CoT. Ni^^, Ciinr. Khb Pd^. Agin. 

IrJ. Ptii. Auin. 

1 - 2:1 1-22 1-21 1-33 1*32 1-31 


Trigonal prism radii: Mo, 1-37; W, 1*44. 

These radii would be better called half-bond lengths, as the 
covalencies are definitely directed, and the radii of the atoms, 
other than covalent bonds, may be as much as twice as large. 

H. G. Grimm ^ has made a general survey of chemical compounds 
of the type He has discussed the conditions which determine 

their general character—metallic, adamantine, ionic, and molecular 
—and has produced a table showing the known type of compounds 
formed between every pair of elements in the periodic table. 

R. C. Evans, in translating 0. Hassel’s Crystal Chemistry ’’ 
(London, Heinemann), has made available in English a simple and 
attractively written account of the subject, but one which unavoid¬ 
ably does not include much recent work. R. W. G. Wyckoft* has 
produced an extremely valuable supplement to the second edition of 
“ The Structure of Crystals,” which gives references and beautifully 
drawn diagrams to all of the important crystal structures determined 
in the years 1930—1934. Pending the second edition of the 
“ Strukturbericht,” this is a most valuable compilation for chemists 
and crystallographers, particularly because every structure is 
critically examined and those described may be considered to be 
well established. 

Metallic Structures ,—Our knowledge of the electronic theory of 
metals, discussed earlier in this Report, has been of great assistance 
in understanding the crystal structure of metals and alloys, and has, 
in general, justified the empirical classification put forward in 
previous reports. Three main factors are found to influence these 
structures : the sizes of the atoms, the numjber of electrons per atom 
in the phase as a whole, and the heterogeneity of the atoms composing 
the alloy. 

Most of the alloy structures investigated earlier had atoms of 
approximately the same size, and consequently this factor did not 
enter into consideration. The three types of alloy distinguished 

* Angew, Chem,, 1934, 47, 63; A., 1934, 234. 






BBENAL AND WELLS : CRYSTAL CHEMISTRY. 


199 


were those in which the atoms were of the same electronic type, 
which gave rise to unbroken solid solutions, such as the system 
gold-silver; those in which the atoms had a different number of 
electrons, and consequently where the average number of electrons 
per atom varied with the concentration—these are the substances 
whose structures obey the Hume-Rothery rules now explained by 
Jones—and finally, alloys where the difference of the number of 
electrons is very great, sometimes tending to pass over into semi¬ 
metals. The sequence, as given by U. Dehlingor^ in a general 
review of metallic mixed crystals and compounds, is as follows : 
Mixed crystals, super-structures, inter-metallic compounds, corre¬ 
sponding to increasing affinity, a diminished region of homogeneity 
and an increasing difference in physical properties and crystal 
structure compared to the component metals. No hard and fast 
lines can be drawn between these different types of combination, 
and this gives metal chemistry a particularly indefinite character. 

The r61c of differences in atomic size is beginning to be apparent. 
Two compounds have been known for some time, viz., CugMg and 
ZugMg, which may be described as close-packed structures of copper 
or zinc respectively with cubic and hexagonal close-packed lattices 
in which a large magnesium atom is inserted in the place of two 
copper or zinc atoms. These types are now found to have a far 
wider significance, and to occur, in fact, in nearly all cases where the 
radii of the atoms concerned are in a ratio of between 1 : 1-15 and 
1 : 1-3, or a volume ratio of approximately 1 : 2. Thus, F. Laves 
and K. Lbhberg ^ have pointed out that KBi 2 , ZrWg, PbAug, CuBe^, 
and MgNiZn belong to the MgCug type, while MgNig, MgCuAl, 
FeBcg belong to the MgZug type. The occurrence in these lists of 
metals of a totally different chemical nature shows that the 
structures cannot be due to any electronic factors, but are simply 
the expression of the nearest approach to close-packing which can 
be made by atoms of widely different atomic volume. They may 
be regarded as substitution compounds or solid solutions in which 
one atom of one type replaces two of another and, as Laves has 
shown, such compounds are not confined to binary alloys. Thus the 
quaternary compound Mg 3 Zn 2 Cu 2 Ni 2 belongs to the CugMg type. 
There are probably a limited number of other such compounds with 
different volume and atom ratios : thus Zn 5 Mg and FeBe 5 possess 
modifications of the ZngMg and the CugMg structure respectively. 
The simplest cases of all are where alloys are of the form AB, the 
structure of which is the well-known caesium chloride type, while 

* Angew. Chem., 1934, 47, 621; Z. Metallk., 1934, 26, 227; Z. EUktrochem., 
1935, 41, 344; of. W. K. Schmidt, Z, Metallk., 1936, 27, 49. 

* NocL Qcb. Wise. Qdttingen^ 1934,1, 69. 
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AlgCu is an example of a type in which the small copper atoms are 
packed in the interstices of a deformed cubical close-packing of 
aluminium atoms. Further research will undoubtedly bring to 
light many more such compounds. They are likely to show a 
much more definite composition than those in which the atom sizes 
are more equal. But this is a purely geometrical fact, and does not 
depend on any greater chemical affinity between the elements 
composing them. 

The existence of an intermetallic compound may be due to three 
reasons by no means mutually exclusive. In the first place, it may 
be due simply to the existence in some simple ratio of atoms of 
different kinds. Such compounds will range from the ordered 
close-packing discussed above to the definite structures due to 
atoms of unequal sizes. Secondly, it may be due simply to the 
average number of free electrons available per atom, but this is 
likely to have a determining effect on the structure only when the 
atomic sizes are approximately equal. Thirdly, it may depend on 
the existence of loosely held electrons in one atom and electron 
affinity in the other. This will lead to further definite compounds 
which are strictly not all of a metallic character, such as Mg^Pb. 

Modern methods of the exact measurement of lattice dimensions 
have made it possible to get a closer view of the nature of inter¬ 
metallic solid solution. E. R. Jette,^ in a study of available inform¬ 
ation, shows that solid solutions can be divided into three types, in 
all of which the lattice constants are less than, equal to, or greater 
than that expected from Vegard’s law : a — a^i\ + where 

F denotes atomic fractions. A smaller lattice constant indicates 
the special attraction between unlike atom^, a larger one a special 
attraction between like atoms. The former is shown by the 
systems Ag-Pt, Ag-Pd, Cu-Ni, and Cr-Fe, the latter by Ou~Au, 
Cu-Pd, Cu-Ag—Ag-Cu, Fe-Cr, and with Au-Pt, Au-Pd, Mo-W, 
Pt~Ir, Pt~Rh, Sb-Bi, there is no sensible deviation from Vegard’s 
rule. The negative and positive variations can be correlated 
very roughly with the slope of the liquidus curve tending to be 
convex for negative, and concave for positive deviations, as might 
be expected. 

The use of high-precision determination of lattice constants will 
soon become the most reliable gauge of purity of a metallic element. 
E. R. Jette and F. Foote ® have determined the lattice constants of 
speciaUy pure Al, Ni, Ag, Au, Si, Fe, Mo, W, Mg, Zn, Cd, Sb, Bi, and 
Sn, with a general accuracy of 1—2 parts in 40,000. Similar, but 
less accurate, determinations of other elements have been carried 

* Amer. InaU Min, Met, Eng,, 660 E. 

® J, Chem. Fhyaica, 1935 , 3 » 605 . 
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out by E. Owen, L. Pickup, and I. 0. Roberts ^ and M. C. 
Neuburger.® 

New super-structures AugMn and AuMn, facc-centred and body- 
centred tetragonal respectively, have been found to be precipitated 
at low temperatures from the extended solid solution of manganese- 
gold.® The only compounds of the transition metals which show 
definitely novel structures are the related substances FegW and 
and the corresponding molybdenum compounds determined 
by H. Arnfelt and A. Westgren.^® In these structures there seems 
a definite tendency for tungsten or molybdenum atoms to associate 
in groups of two or four. 

The interstitial compounds have been further investigated 
without, however, any startling discovery. Further work has been 
done on the solubility of hydrogen in the transition metals,and 
the essentially protonic nature of the solution confirmed. The 
structure of steel is now, thanks to A-ray work, fairly firmly 
established. G. Hagg ^2 has finally shown, by careful measure¬ 
ment of lattice parameters, that the only martensite formed by 
quenching of austenite (face-centred y-iron containing carbon) has 
a tetragonal structure which gradually approximates to cubic 
a-iron witli decrease of carbon content. The rate of decomposition 
of the martensite is shown to depend primarily on the temperature, 
but it is appreciable even at 100°. An excellent popular account 
of our present knowledge of the structure of steels is given by 
K. van Horn.^® A higher carbide of iron, FcgC, has been described. 
The highest carbide of nickel so far found is Ni^C,^® which consists 
of a hexagonal close-packed nickel structure with statistically 
distributed carbon atoms. 

A study of the system Fe-Cr-N shows only, besides the known 
iron nitrides, two chromium nitrides, CrgN, hexagonal, and CrN, 
cubic face-centred; but in the Fe-Al-C system a new phase 
FegAlC^ is found, face-centred cubic, in contrast with the body- 
centred FegAl. A certain solubility of carbon in platinum has been 

» Z. Krist, 1935, 91, 70. ® Ibid., 92. 313; 1936, 93, 1. 

• H. Bumm and U. Delilinger, Metallwiri,, 1934, 13, 23. 

10 Jernk, Ann., 1936, 186. 

H. Mimdt, Ann, Physik, 1934, [v], 19, 721; A., 1934, 590; D. P. Smith 
and G. J. Derge, Trans. Electrochem. Soc., 1934, 66, 25; A., 1934, 1168; M. H. 
Hey, J., 1935, 1254; A., 1322; J. Franck, Nach. Qes. Wiss. QoUingen, Math.- 
phys. Kl., 1933, 293; A., 1934, 1168. 

J. Iron Steel Inst,, 1934, 11, 439; cf. J. Splichal and F, Cabicar, Coll. 
Czech. Chem, Comm., 1934, 6, 251; A., 1934, 953. 

Metal Progress, Aug. 1936. G. Hagg, Z. Krist., 1934, 89, 92. 

J. Schmidt, Z. anorg. Chem., 1933-34, 216, 85. 

S. Eriksson, Jernk. Ann., 1934, 630. 

F. R. Morral, J. Iron Steel Inst., Sept. 1934; A., 1934, 1166. 

g2 
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reported.^8 The comj)lox structures of the carbides of chromium 
Cr 7 C 3 and manganese MiiyCg with 80 atoms in the cell have been 
worked out by A. Westgren.^® They consist of carbon placed 
ifiterstitially into a distorted metal framework. The silicides 
of the transition metals have also been studied, particularly by 
B. Bort%.2® Co, and Ni all form compounds of the type 

MSi, showing the FeSi structure. The isotropic MUgSi, also 
studied by F. Laves, 21 is interesting as a simple body-centred 
structure in which manganese and silicon atoms occupy all positions 
indiscriminately. In CogSi there is an arrangement of silicon 
chains similar to those existing in CrgCg,^^ the Si-Si distance in the 
chains being 2*15 

Electron Compounds .—No full account of X-ray studies of this 
field is given, as it is covered by the Report on non-ferrous alloys 
(p. 165). Only references will be made to newly established crystal 
structures. 

Now that the theoretical basis for Hume-Rothery’s rules has 
been established (see above), special interest attaches to the study 
of solubility limits of the system copper-silver, and the B-group 
elements including gallium, germanium, and indium. 24 all cases 
where large differences of atomic size do not occur, the equilibrium 
diagrams depend on electronic and not on atomic proportions as 
the theory demands. In the nickel-zinc system 26 the tetragonal 
phases p and y correspond approximately to the p-brass and e to 
the y-brass type. Ferromagnetic Heusler alloys, Mn-Al-Cu, are 
found to belong essentially to the p-type, with a regular super¬ 
structure. 2® A. J. Bradley and J. W. Rodgers 27 have used an 
extremely ingenious method to differentiate the positions of the 
copper and manganese atoms. These are normally indistinguishable 
by X-rays, but by using iron, copper, and zinc K radiation, anomalies 
in the scattering power of the elements in relation to the position 
of their absorption edges enable the distinction to be made. 

L. J. Collier, T, H. Harrison, and W. G. A. Taylor, Trans. Faraday Soc.^ 
1934, 30, 581; A., 1934, 987. 

Jernk. Ann., 1935, 231. 

Arkiv Kemi, Min. Oeol., 1934, 11, A, No. 10; A., 482. 

21 Z. Krist., 1935, 89, 189. a* See Ann. Reports, 1933, 30, 390. 

2 ® B. Bor4n, S. St&hl, and A. Westgron, Z. physikal. Chem., 1935, [B], 29* 
231; A., 1194. 

W. Hume-Rothery, G. W. Mabbott, and K. M. C. Evans, Phil. Trans., 
1934, [A], 233, 1; A., 1934, 725. 

K. Tamaru and A. Osawa, Bull. Inst. Phys. Chem. Res. Japam, 1934, 13, 
13; A., 1934, 482; Sci. Rep. Tdhoku Imp. Univ., 1934, 23, 794; V. Caglioti, 
Atti Congr. naz. Chim., 1933, 4, 431; A., 1934, 1166. 

O. Heusler, Z. MetaUk., 1933, 25, 274; A., 1934, 357. 

*7 proc. Roy. Soc., 1934, [A], 144, 340; A., 1934, 590. 
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New p- and y-phases have been found in the copper-gallium 28 and 
copper-indium 2 » systems, but analogous compounds do not occur 
in the silver-indium system.^® The y-struoture which occurs 
anomalously for CuHg has been confirmed .21 

New compounds and new structures have been found in the 
Fe-Al system .22 The compounds FeAl 2 , FcgAls, and FeAla are all 
highly complex; FeAlg has a monoclinic cell of dimensions 47-4, 
15*4, 8*1 A., containing 400 atoms. 2 ® The platinum-thallium 
system contains one compound PtTl with a new and unusual struc¬ 
ture.^4 The purple compound AuAlg proved to have a simple 
fluorite t}^)© of structure ,^6 which may have some relation to its 
unusual physical properties. The silicides of the B-group metals 
have been much studied one, 01115814 , has a cubic cell containing 
76 atoms. Compounds where large differences of atomic size occur 
have also been studied in particular, L. Misch has studied the 
compounds of beryllium with copper, nickel, and iron CuBe and 
NiBe have the caBsium chloride structures, CuBcg and NiBcg are of 
the MgCu 2 type, and FeBe 2 is of the MgZiig type; while Ni 5 Be 2 i and 
PtsBcgi have a deformed y-brass structure. 

Alloys of A- and B-group metals. Our knowledge of the alloys of 
these metals has been considerably extended. U. Dehlinger ^8 
has made a useful survey of the known alloy structures and solid 
solutions of the elements Be, Mg, Zn, Cd, Hg, Al, and Sn. It 
appears quite definitely that the factors conducing to extended 
solid solution are similarities in electronic constitution rather than 
mere equivalence of atomic size. F. M. Jaeger and J. E, Zanstra 4® 

2 ® F. Weibke, Z. anorg. Chern., 1934, 220, 293. 

F. Weibke and H. Eggers, ibid.y p. 273. 

Ideniy ibid., 1936, 222, 146; L. K. Frevel and E. Ott, J. Amer. Ohem. Soc., 
1936, 67, 228. 

F. Schoszberger, Z. phyeikal. Cfiem., 1935, [il], 29, 65. 

” A. Osawa, ScL Rep. Tdhohu Imp, Univ., 1933, 22, 803; A., 1934, 137; 
Kinz. no Kenk., 1933, 10, 432; A., 1936, 168. 

E. Bachmetew, Z. Krist., 1934, 89, 675. 

E. Zintl and A. Harder, Z. Elektrochem,., 1935, 41, 767. 

*5 C. D. West and A. W. Petersen, Z. Krist., 1936, 88, 93. 
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No. 37; A., 1934, 1166; K. Sautner, Forschungsarb. Metallk. Rontgenmet., 
No. 9; A., 1934, 482; S. Fagerberg and A. Westgren, Metallwirt., 1935, 14, 265. 

V. G. Sederman, PJiil. Mag., 1934, [vii], 18, 343; A., 1934, 953; H. 
Perlitz, Kecmia Teated, 1934, 2, 11; A., 1934, 1064; 0. D6gard, Z. Krist., 
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have made a detailed study of the allotropy of beryllium; the 
inetastable form at 600° is orientated parallel to the original beryl¬ 
lium crystals and must be in some sense a super-lattice of dimensions 
a = 7*l, c = 10-SA. Such a lattice would contain about 60 atoms, 
and the exact determination of this structure would have great 
theoretical interest. 

The alloys of lithium have been extensively studied, chiefly by 
G, Grube, E. Zintl, and their collaborators. In the Li-Mg system 
there is no true compound formation, but the solid solution of 
composition LiMg 5 cannot take up any more magnesium, and 
functions towards it as a true compound. Apart from the com¬ 
pound LiZn ,^2 with the NaTl structure, another compound LigZng 
is formed of a pseudo-hexagonal close-packed structure. The 
lithium-cadmium alloys have given rise to considerable controversy. 
It appears, however, that both sides may be right: that the quenched 
LiCd has a true caesium chloride structure, as A. Baroni maintains, 
and that the tempered alloy has the more ordered NaTl structure.^* 
Two more compounds, LiHgg and LigHg, have been established, 
and hexagonal and cubic structures have been determined.^® 
LiAl has an NaTl structure. The structure MggAlg is of excep¬ 
tional interest, for here among the A-group metals we have the same 
complicated structure with 58 atoms as is found in a-manganese 
and p-chromium. F. Laves, K. Lohberg, and P. Bahlfs^^ have 
made a complete determination of the structure; each magnesium 
atom is surrounded by 4—7 other magnesium atoms at a distance of 
2*95—3-35 A., and by 6—12 aluminium atoms at a distance of 
2-9—3*2 A. The aluminium atom, on the other hand, besides its 
8 magnesium neighbours, has 2 aluminium neighbours, one at 
2*82 and one at 2*65 A. This distance is very much shorter than the 
Al-Al distance of 2-86 in the metal, and indicates the extent of a 
special binding force of the aluminium, such as occurs in metallic 
gallium. In the system aluminium-zinc, it appears that at high 
temperatures zinc may dissolve in aluminium to the extent of 
48% at 350°, but at lower temperatures this solid solution splits 
up into a p, aluminium-rich, and a y, zinc-rich, portion.^® The 

G. Grube, H. V. Zeppelin, and H. Bumm, Z, EWcProohem., 1934, 40, 143, 
160; A,, 1934, 591. 

E. Zintl and A. Schneider, ibid,, 1935, 41, 764. 

Ibid., 1934, 40, 565; Atti B. Accad, Lincei, 1934, [vi], 19, 507; A,, 1934, 954. 

E. Zintl and A. Schneider, Z. Elektrochem,, 1934, 40, 107. 

Idem, ibid., 1935, 41, 771. 

G. Komovsky and A. Maximov, Z. Krist., 1935, 92, 275. 

Nach. Ges. Wise. Gottingen, 1934, 1, 67. 

** E. Schmid and G. Wassennann, Z. Metallk., 1934, 26, 145; A„ 1934, 
1064; E. A. Owen and J. Iball, Phil. Mag., 1934, [vii], 17, 433; A., 1934, 356. 
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structure of Al 4 Ba is of some interest. It appears to be a tetra¬ 
gonal layer lattice in which each barium atom is surrounded by 
16 aluminium atoms, and each of the latter is surrounded by 4 barium 
and 4 or 5 aluminium atoms. 

The structure of gallium proposed by Laves has been confirmed 
by Bradley.^^ He finds the cell dimensions to be 4*5167, 4*5107, 
and 7*6448 A., the smallest known departure from tetragonal 
symmetry. 

A. Olander has studied thallium compounds extensively by 
electrochemical and X-ray methods. The Tl-Hg system contains 
two compounds of the approximate composition HggTl and HgTlg 
with face-centred and body-centred cubic lattices respectively. 
The Pb~Tl system shows an extended solid solution from lead up 
to 92% of thallium, with some evidence for ordered structure of 
Tl 7 Pb. The compound Bi^/n has a very interesting structure, 
The cell is hexagonal, a = 5*67, c = 3*37 A., and contains a graphite- 
like arrangement of bismuth-hexagons in the holes of which, above 
and below, fit the thallium atoms. The structure of TlSbo, deter¬ 
mined by F. R. Morral and A. Westgren,^^ has a somewhat deformed 
caesium chloride super-lattice; each antimony atom has four thallium 
neighbours at 3*1 A., one at 3*38, and four more at 3*48 A. The 
Sn-As system has been shown to have only one compound, SnAs, 
with the sodium chloride structure as with SnSb. This compound 
has, however, a range of solid solubility from 34 to 48% (by wt.) of 
arsenic. It is interesting to note that the lattice dimensions 
increase in both directions on departing from the ideal configuration. 

The structure of the alloys of the rare-earth metals has been 
extended chiefly by the work of A. Rossi and his collaborators.^® 
Two types only are found, the cubic face-centred type AB 3 , where 
A = Pr, La, or Ce, and B = Mg, Sn, Tl, or Pb, and the caesium 
chloride type found for NdAl and LaMg. Praseodymium is found 
to have two structures : a-Pr, face-centred cubic, a = 5*10, and 
P-Pr, hexagonal close-packed, a — 5*17, c/a = 1*633. 

Adamajitine Com'pouifids, — Carbides, nitrides, etc. Our knowledge of 

K. R. Andress and E. Alberti, Z, Metallk., 1935, 27, 126. 

See Ann. Beports, 1933, 30 , 293. 

Z. KHst,, 1935, 91, 303. 

” Z. phyeikal Chem., 1936, [A], 171, 426; 1934, 168, 274; A., 1934, 724; 
Z. Krist., 1934, 89, 89; A., 1934, 1301. 
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Stillwell and E. E. Jukkola, J. Amer. Chem. Sqc., 1934, 56, 66; A., 1934, 243. 
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the structure of the non-metallic carbides and nitrides has been much 
advanced by the work of M. von Stackelberg. According to him,®® 
these structures can be most readily understood by considering them 
as ionic, carbon, nitrogen, etc., functioning as large anions C^, 
or in higher carbides as the or CJ- ions. These ions are in general 
close-packed, the metal ions occupying octahedral or tetrahedral 
holes. Thus, Be 2 C has an antifluorite structure, each beryllium 
having four carbon neighbours, and each carbon eight beryllium 
neighbours. This classification is borne out by the action of water,®® 
carbides with separated atoms yielding methane, those with carbon 
pairs, acetylene, and MggCg, allylene, possibly owing to Cg groups 
in the crystal. 

The structure of LigN ®® is not, as previously supposed,®® similar to 
that of ammonia; it consists of a simple hexagonal arrangement of 
nitrogen atoms with lithium atoms lying, some between two and some 
between three nitrogen atoms.CagNg have a similar struc¬ 
ture. The structure of AI 4 O 3 has been most fully worked out: 
it has a rhombohedral cell, a = 3*325, c = 24*94 A. ; the structure 
is a layer one, three layers of carbon atoms being interleaved with 
four of aluminium. Each of the latter is surrounded by four 
carbon atoms at a distance of 1*9—2*0 A. (sum of atomic radii, 
2*03 A.), while the carbon atoms have either five or six aluminium 
neighbours. The closely related AI 5 C 3 N®® has a very similar 
hexagonal structure, a layer of AIN being sandwiched between the 
AI 4 C 3 layers. More definitely adamantine is boron carbide, B 4 C, 
examined by F. Laves.®^ L. Pauling and S. Weinbaum ®® have 
determined the parameters of the framework structure BgCa ®® and 
find that each boron atom is exactly 1*716 A. from five others. 

Graphite and its compounds have been much studied. It is the 
best layer lattice that we know, and the two-dimensional macro¬ 
molecules of which it is made can enter into many combinations 
without affecting its structure. That all forms of carbon except 
diamond contain such molecules has been conclusively shown by 

Z. physikal. Chem., 1934, [.B], 27, 53. 

M. von Stackelberg and F. Quatram, ihid.^ p. 60. 

J. Schmidt, Z. EUktrochem., 1934, 40, 170; A,, 1934, 614. 

E. Zintl and G. Brauer, ibid., 1936, 41, 102. 

R. BriU, Z. Krist., 1927, 66, 94. 

H. Hartmann and H. J. Frohlich, Z. anorg, Chern., 1934, 218, 190; A., 
1934, 741. 

M. von Stackelberg and E. Schnorrenberg, Z, physikal, Chem,y 1934, [B], 
7, 37. 
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B. E. Warren®*^ by Patterson-Fourier methods (see p. 195). 
The finest and most amorphous carbon black is found to consist of 
crystallites about 60 A. wide by 10 A. thick, containing only two 
or three layers of 400 rings each. Other work on different types of 
graphite ®® confirms this, and also shows that as the particle size 
diminishes, the inter-layer distance increases from 3*4 to 3-6 A. 
The magnetic anisotropy of graphite is even greater than has been 
supposed. Indian workers have shown that the principal 
susceptibilities are — 22*8 and — 0*4 parallel to and perpendicular 
to the hexagonal axes. U. Hofmann has given a general survey 
of the reactions of graphite; in particular, of the formation of 
graphite oxide by the addition of oxygen atoms (probably hydroxy- 
groups) on each side of the molecule. A series of graphite sulphates 
has also been prepared with sulphate groups between every two, 
four, six, etc., graphite planes. Carbon subfluoride, CF, is also a 
graphite compound which has largely lost its metallic character.'^^ 
Iodides, 'phosphides, etc. The iodides and mercuri-iodides of 
silver and copper have proved to be of great theoretical interest 
(see p. 188). The P- and the y-form of silver iodide, stable 
between 146—136° and below 135°, have zinc blende and wurtzito 
structures respectively, with densities and 5*695.’® They may 
be considered as close-packed iodine lattices with metal atoms in 
tetrahedral interstices. The a-form, investigated by L. W. Strock,’^ 
has a body-centred cell, a — 5*034 A., with a density of 6*00 and 
two molecules per ceU. The silver atoms cannot be placed; they 
are, so to speak, in a gaseous state between the iodine atoms. This 
structure goes far to explain the large self-diffusion, electric con¬ 
ductivity, and plasticity of the crystals, but the structure is so 
anomalous that it calls for further physical and crystallographic 
investigation. A similar but less marked indeterminacy has been 
found in the cubic (>90°) modification of silver and cuprous mercuri- 

J. Chem. Physics, 1934, 2, 551; A,, 1934, 1160. 

** P. C. Mukherjee, Z. Physik, 1934, 88, 247; A., 1934, 577 ; M. Miwa, Sci, 
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«» K. S. Krishnan, Nature, 1934, 133, 174; B. C. Guha and B. P. Ray, 
Indian J. Physics, 1934, 8, 345. 

’0 Kolloid-Z., 1934, 69, 351; A., 1935, 163; U. Hofmann, A. Frenzel, and 
E. CsalAn, AnnaZen, 1934, 610, 1; A., 1934, 614; cf. H. Thiele, Z. Elektrochem., 
1934, 40, 26; A., 1934, 262. 

A. Frenzel and U. Hofmann, ibid., p. 511; A., 1934, 978. 

O. Ruff and O. Bretschneider (with F. Ebert), Z. anorg. Chem., 1934, 817, 
1; A., 1934, 378. 

N. H. Kolkmeijer and J. W. A. van Hengel, Z. Krist., 1934, 88, 317; A., 
1934, 1161; L. Helmholz, J. Chem. Physics, 1935, 3, 740. 

Z. physihal. Chem., 1934, [J5], 26, 441; A., 1934, 834. 



208 


OBYSTALLOGRAPHY. 


iodides studied by J. A. A. Ketelaar: neither mercury nor sil^r 

atoms are in fixed positions in the cubic close-packed iodine lattice. 

The structures of a number of phosphides and arsenides have 
been determined by M. von Stackelberg and K. Paulus.’^'^ Z 1 I 3 P 2 , 
ZngAs*^, CdgPg, and CdgAsg have not, as was previously supposed, a 
cubic, but a tetragonal pseudo-cubic, structure in which the metal 
atoms fit in the tetrahedral holes of a slightly deformed cubic close 
packing. ZnPg, CdPg, and ZnAs 2 have more complicated tetragonal 
structures. The structures of CugSb and FcgAs are identical; they 
may be considered as layers of cubic close-packed CuSb, Cug, CuSb 
held together by attractions between the copper in one layer and the 
antimony in the next.*^® The mouophosphides and arsenides of Mn, 
Fe, Co are shown to have a modified NiAs structure, while FePg 
has a marcasite structure.®® 

Sulphides and sulpho-salts. The work of the past two years has 
helped to (ionfirm and extend the general classification put forward 
in the Report for 1933 (p. 390). W. Hofmann has studied, in 
particular, the sulphantirnonates, and shown that where the ratio 
Sb : S <1 : 3, there is a tendency to form fibrous crystals with a 
chain period 3*8—4*3 A. corresponding to the chain molecule 



There is a general tendency for antimony to have three close sulphur 
neighbours, copper four, and lead six. 

A. Ferrari has shown that the series, sclericlase PbAs 2 S 4 to dufres- 
noyite Pb 2 As 2 S 5 , is isomorphous and shows a strong resemblance to 
orpiment AsgSg and to wolfsbergite CuSbSg.®^ Many more sulphides 
are found to be related to the zinc blende 4-co-ordination type. 
Binnite (Cu,Fe) 42 As 4 Si 3 , analysed by L. Pauling and E. W. Neuman,®® 
may be taken as the type of the tetrahedrite minerals; here again, 
the arsenic atoms are attached to 3 sulphur atoms only. Colusite 
(Cu, Fe, Mo, Sn) 4 (S, As, Te) 3-4 has a statistical zinc blende 

Z. KrisU, 1934, 87, 436; A., 1934, 947. 

Z.physikaL Chem., 1934, [JBJ, 26, 327; 1935, 80, 63. 
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structure. Stannite, Cu 2 FeSnS 4 ,®® belongs to the chaloopyrite 
type, while enargite, CU 3 ASS 4 ,®® is more closely related to wurtzite 
but contains separate ASS 4 groups. Tetradymite, BigTcgS,®^ has a 
very interesting structure with successive layers of S-Bi~Te-Te-Bi-S 
all in 6 -co-ordination. For other sulphides examined, only refer¬ 
ences can be given.®® Silicon disulphide has a structure of a new 
type. W. Bussem, H. Fischer, and E. Gruncr®® have found that 



it contains chains of tetrahedra sharing pairs of sulphur atoms 
and not a three-dimensional network as in Si 02 . 

Ionic Compounds, — Halides. E. Zintl and A. Harder ^ have com¬ 
pared the structures of LiH^ and LiH^, the respective lattice 
dimensions being 4*085 and 4*065 i 0*001 A. This means that 
the radius of the hydrogen ion is changed from 1*27 to 1*26, or 
0 *8% effectively, by the lower zero-point energy of deuterium. 
They have further examined the hydrides of calcium, strontium 
and barium, and shown that these possess a pseudohexagonal 
structure intermediate between a CaF 2 and a layer lattice. Each 
strontium ion has three hydrogen neighbours at 2*35 and four at 
2*71 A. (sum of ionic radii, 2*52 A.). 

E. B. Thomas and L. J. Wood have examined the reactions 
between alkali halide pairs. In every case but two, the final product 
contains the pair with the smallest radius sum and therefore with 
the largest lattice energy, e.g., NaBr + KCl —> NaCl + KBr. 
In the two cases indeterminate, KBr + Rbl and RbCl + CsBr, 
homogeneous sohd solutions are formed. 

Although calcium chloride has a slightly deformed rutile struc¬ 
ture,®® the halides of the other bivalent elements cadmium, cobalt, 
and nickel have been shown to have either the cadmium chloride 

L. O. Brockway, Z. Krist,, 1934, 89, 434; A., 1935, 152. 

L. Pauling and S. Weinbaum, ibid., 88 , 48; A.y 1934, 1060. 

D. Marker, ibid., 89, 175. 

M. J. Buerger, Amer. Min., 1935, 20, 36; A., 323; F. Weibke and J, 
Laar (with K. Meisel), Z. anorg. Chem., 1935, 224, 49; A., 1322; G. R. Levi 
and A. Baroni, Z. Krisi., 1935, 92, 210; B. Gossner and O. Kraus, Centr. Min., 
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®® Naturwiss., 1935, 23, 740. 
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or the cadmium iodide structure or to alternate between them (see 
p. 188). G. Bruni and A. Ferrari have discussed the extended 
isomorphism of halide crystals based on close packed halogen 
ions.®® Parallel intergrowths have been found between potassium 
and lead chlorides.®’^ 

H. Braekken and W. Scholten ®® have determined the structure 
of mercuric chloride. It is a fairly definite molecular lattice with 
a trace of layer formation, but along (120) and not along (001), as 
in mercuric bromide. The mercury halides are a good example of 
the transition from a purely ionic type, HgFg, to a molecular type 
HgClg, and through a molecular layer lattice, HgBrg, to a true layer 
lattice Hgig,®® with increasing polarisability of the anion. 

F. A. Bannister and M. H. Hey ^ have shown that the structure 
of matlockite, PbFCl,^ and of PbFBr is a type structure for 
oxyhalides—such as BiOCl(Br,I), and probably others such as 
FeOCl. 

Simple oxides. E. Zintl, A. Harder, and B. Dauth ^ have exam¬ 
ined the compounds (Li,Na,K)2(0,S,Se,Te). All crystallise with 
the fluorite structure, but there are considerable variations from 
accepted ionic radii. (Mile.) B. Ruhemann ^ has shown that the 
thermal anomaly of manganese oxide at — 115° to —119° is 
accompanied by a change of lattice constant from 4-426 to 4-416. 
Similar anomalies have been reported for FeO and Fe 304 , where 
they are accompanied by magnetic changes. These changes, 
though similar to those produced by rotation of molecules, are here 
probably due to electronic changes in the unfilled electron levels of 
iron and manganese. Palladous oxide has been shown to have 
4-8quare co-ordination like its sulphide.® The structure of cupric 
oxide, tenorite,® is a distorted monoclinic variety of the same 
structure ; each copper atom is surrounded by 4 oxygen atoms in a 
rectangle, Cu-0 — 1*95. Another form is reported."^ 

Considerable dispute between electron and X-ray methods 
has arisen over the lattice dimension of zinc oxide. G. I. Finch 

Z. Krist.y 1934, 89, 499. 

*• See Ann, Reports^ 1931, 28, 285. 
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and H. Wilman ® find by electrons, a = 3*258, c == 5*239, ± 0*005 A., 
whereas C. W. Bunn finds by X-rays a — 3*2426 ± 0*0001, 
c == 5*1948 i: 0*0003 A.® This apparent discrepancy may be due 
to the dispersion of the electron waves, but another cause has 
recently been shown by V. E, Cosslett to be that the dimensions 
of zinc oxide prepared as smoke vary with time, a changing from 
3*234 to 3*279, and c from 5*221 to 5*367 in 18 months owing to slow 
relief of quenching strain. 

Complex oxides. G. Hagg has studied the properties of the 
cubic tungsten bronzes Nai_o. 3 W 03.^2 They may be considered 
as interstitial solutions of Na in WO 3 or as solid solutions of 
Na+W^'^Og in W^+Og. All have a sub-metallic character (surface 
colour, conductivity decreasing with temperature) which becomes 
more marked as the percentage of sodium falls; when Na : W < 
0*3 : 1, the amount of Na is not sufficient to stabilise the open cubic 
structure and it becomes tetragonal, exactly as in the corresponding 
case of the silicates ultramarine and sodalite.^^ Corresponding 
suboxides of tungsten, WgOgs and W 4 O 11 , have been examined;^® 
they may be, however, hydrogen bronzes H 0 . 5 WO 3 and Ho gsWOg. 

Tlie Mnj;Oy system also shows continuous variations of structures 
on taking up and losing oxygen,^® MugOg exists in two forms, 
p-MugOg, bixbyite C type, and a-MngOg, probably related to 
Mn 304 as y-FogOg is to Fe 304 . NdgOg and LagOg have now been 
prepared of the C (cubic) type. 

E. J. W. Verwey has specially studied the y-FcgOg and y-AlgOg 
structures. The relation of these to the spinels has been studied 
by E. J, W. Verwey,^® G, Hagg,^® E. Kordes,^® and others.It has 
been shown, from considerations both of atomic dimensions and of 

8 J., 1934, 761; A., 1934, 835. 
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intensities, that the previously assumed oxygen addition to the 
cell is incorrect, and that, instead, there are 21J cations distributed 
statistically over the 24 (8 tetrahedral and 16 octahedral) vacant 
positions in the cell. Small quantities of lithium stabilise this 
structure as LiAlsOg in the limit. The y'-AlgOg formed by surface 
oxidation is an even more statistical structure with the same 
oxygen arrangement; the 21J aluminium atoms occupy 32 positions, 
or in the reduced cell which results, 2| atoms occupy the 4 positions 
of the rock salt lattice. A similar structure, but with Liai and 
Ti}^ ions instead of Ala,^ is that of Li 2 Ti 03 , 2 ® which is fully miscible 
with MgO and LiFeOg (see p. 188). 

E. Posnjak and T. F. W. Barth ^3 have studied the hardly less 
extended haematite(Fe 203 )-ilmenito(FeTi 03 ) series. These are 
vsbown to be strictly isomorphous, as are the titanates of Mg, Mn, Co, 
Ni, and Cd (low-temperature form). The high-temperature form 
of CdTiOg belongs to the perovskite type, which has also very 
many members. 

Hydroxides. The past two years have shown great advances in 
our knowledge of the hydroxides.As the numbers of structures 
analysed increased, the function of the hydrogen in binding together 
the hydroxy-groups attached to different cations was more fully 
recognised. J. D. Bernal and (Miss) H. D. Megaw 23 have sum¬ 
marised our knowledge on this point in a paj)er where all known 
hydroxide structures are discussed. It is found that the hydroxyl 
group varies in a continuous way from a qufisi-isotropic group in 
alkali hydroxides to a definitely tetrahedral, water-hke, group in 
the neutral and slightly acid hydroxides. The increasing polarising 
power of the cation drives the proton hirther from its own oxygen 
nucleus, and consequently increases its attraction for the negative 
regions in other hydroxyl groups. In this way, a bond, which may 
be called the hydroxyl bond, is formed, only less in strength than the 
hydrogen bond in acids (as shown by the 0-0 distance of 2*76 
instead of 2*55 A. as in acids). By the use of this concejjtion, it has 
been possible to locate the positions of hydrogen atoms in a number 
of hydroxide structures, particularly in hydrargillite 27 where the 
six hydroxyls of different Al(OH)e groups form an irregular trigonal 
prism, six of whose sides, of length 2-75, 2*80, 2-82, and 2*94, 2-98, 
3*10 A., represent hydroxyl bonds, while the remaining three, of 

See Ann. Reports, 1933, 30, 403, 

*3 Z. Krist., 1934, 88, 265, 271; A., 1934, 1162. 

** A, HoUmann, Z. physikal. Chem., 1936, [JK], 28, 66; H. Rheinboldt, J. 
pr. Chem., 1934, [ii], 139, 318; A., 1934, 587. 

Cf. Ann. Reports, 1933, 30, 401. 

»• Proc. Roy. fSoc., 1936, [A], 161, 384; A., 1307. 

(Miss) H. D. Megaw, Z. Krist., 1934, 87, 186; A., 1934, 362. 
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length 3-32, 3-38, and 3*46 A., do not. Linking up of hydroxyl 
bonds explains the properties of the gels formed by neutral hydr¬ 
oxides, discussed from the structural point of view by R. Fricke.^® 
The structure of boric acid has been completely determined by 
W. li. Zachariasen.2® It consists of flat layers of BO3 groups 
attached to each other by hydrogen or hydroxyl bonds, the 0-0 
distance, 2*71, being nearer the requirements of the latter. The 
layers adhere by residual forces at a distance of 3*18 A., agreeing 
with the cleavage and softness of the crystals. The hydrated 
boron phosphate, B(OH)3,(HO)3PO may have a very similar struc¬ 
ture.®® 

Telluric acid is also a hydroxy-acid, Te(0H)g; its structure has 
been studied by B. Gossner and O. Kraus and by L. Pauling.®® 
In its two cubic and monoclinic (pseudocubic) forms it represents 
Te( 0 H)e octahedra bound together in different ways by hydroxyl 
bonds of length 2 *76 A. Recent work on zinc hydroxide ®® shows that 
the different reported crystalline forms have aU the same structure.®^ 

The oxy-hydroxide, BO(OH), has a definite crystalline form ®® 
but its structure has not been determined. The structures of 
a- and y-Al(Fe) 0 ( 0 H), diaspore (goethite) and bohmite (lepido- 
crocite), have been determined by S. Goldsztaub ®® and F. J. 
Ewing.®'^ Both contain hydroxyl bonds, but whereas the a-forms 
are fairly compact, the y-forms are true layer lattices of the type 
of the oxychlorides (see p. 210). The calcium aluminates form 
complex hydrates and hydroxy-compounds.®® The structure of 
one of these, hydrocalumite,®® Ca2Al(01I)7,3H20, has been partially 
analysed; it consists of alternate la3^ers of Al(OH)72H2^^ 
CagHgO. 

Borates and silicates. The chief interest with silicate investig¬ 
ations in the past two years has been concerned with those silicates 

Kolloid-Z., 1934, 69, 312; A., 1935, 162. 

Z. KrisL, 1934, 88, 150; A., 1934, 1161. 

30 E. Gniner, Z. anorg. Ghem., 1934, 219, 181; A., 1934, 1081. 

31 Z. Krist., 1934, 88, 298; A., 1934, 1161. 

33 Ibid., 1935, 91, 367. 

33 K. Petrescov, ibid., p. 505; (Miss) H. O. Megaw, ibid., 1935, 90, 
283. 

3* See Ann. Reports, 1933, 30, 401. 

3* H. Monzel, H. Schulz, and H. Deckert, Z. anorg. Chem., 1934, 220, 49. 

33 Bull. Soc.frang. Min., 1935, 58, 6. 

3’ J. Ghent. Physics, 1935, 8, 203; cf. M. Deflandre, Bull. 8oc. frang. Min., 
1932, 56, 140; K, Takane, Proc. Imp. Akad. Tokyo, 1933, 9, 113; F. J. Ewing, 
J. Ghent. Physics, 1934, 3, 420. 

3* K. Salmoni, Qazzetta, 1935, 64, 719. 

33 C. E. Tilley [with (Mies) H. D. Megaw and M. H. Hey], Min. Mag., 1934, 
23, 607; A., 1934, 1197. 
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with extended three- and two-dimensional structures, i.e., with 
silica in its various forms, with zeolites, and the clay minerals. Now 
that the main outline of silicate structure is known, its utility is 
being appreciated in the technical sphere; particularly in America, 
much work is being done on X-ray structures in connexion with the 
glass and ceramic industries, which involves not only the study of 
those silicates but of the analogous boron compounds which also 
form extended frame-work structures. N. W. Taylor and S. S. 
Cole^ have succeeded in producing crystalline B2O3, hitherto 
known only as a glass, by careful dehydration of H3BO3. It appears 
to be cubic, a ™ 10*04, with 16 molecules per cell, but its exact 
structure is not known. It melts at 294° ± 1° to a very viscous 
liquid which hardens to glass at 276°. On melting, there is an 
increase in density from 1*805 to 1*844, showing that, like ice, but 
unlike silica, the arrangement of the solid has a lower effective 
co-ordination than that of the liquid. 

A study of the borates shows that, like the silicates, the extended 
networks and chains may be found; but no complete structures 
have been worked out. M. Mehmel has made an elaborate study 
of boracite, Mg^ClgBi^Oge, which above 265° is cubic, a = 12*1 A., 
and below, rhombic, pseudo-cubic; but the exact structure has not 
been determined—it is apparently also of a framework character. 
The structure of jeremejewite, BAlOg,^^ has been studied but proves 
to be unexpectedly complex. The structures of the phosphates and 
arsenates of boron, aluminium, and iron, as Goldschmidt predicted, 
are similar to those of silica. BPO4 and BASO4 have a cristo- 
bahte structure with both atoms tetrahedrally surrounded by 
oxygen. M. Strada^® maintains that AIPO4 and AIASO4 have 
the same structure. H. F. Huttenlocher and F. Machatschki 
have, however, shown that normally they are of the quartz type with 
a doubled c axis on account of the difference of the two atoms re¬ 
placing silicon. V. Caglioti has shown that FeP04 has the same 
structure, but the AIPO4 may be dimorphous with the high-temper¬ 
ature cristobalite type, thus reconciling all the other workers’ results. 
T. F. W. Barth has gone further, and shown the aluminites and 

J. Atner. Chem, Soc., 1934, 56, 1648; A,, 1934, 947; J. Amer. Ceram. Soc., 
1936,18, 55. 

S. S. Cole, N. W. Taylor, and S. R. Scholes, ibid., p. 79; S. S. Cole, S. R. 
Scholes, and C. R. Amberg, ibid., p. 68. 

Z. Kriat., 1934, 87, 239; 88, 1; A., 1934, 387, 1060. 

B. Gossner and O. Kraus, Centr. Min., 1934, [A], 11, 348. 

G. E. R. Schulze, Z.phyaikal. Chem., 1934, [B], 24, 216; A., 1934, 362. 

Oazzetta, 1934, 64, 663; A., 1934, 1296. 

« Z. Kriat., 1936, 90, 608; A., 1194. Ibid., p. 314; A., 1060. 

" AUi M. Accad. Uncei, 1936, 22, 146. « J. Chem. Phyaica, 1936, 8, 323. 
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ferrites, K2AI2O4 and (Kg, Rbg, Pb)(Fe204), also to be of the cristo- 
balite type with the large atoms in the interstices as in carnegeite.®® 
M. J. Buerger has discussed the stability fields for the different 
forms of SiOg.®^ The three forms, quartz, tridymite, and cristo- 
balite, have increasingly empty spaces in the structure; con¬ 
sequently, the addition of foreign atoms with appropriate silicon 
substitutions has the effect of stabilising the lug her-temperature 
forms. The general formula for such silicates can be written 


Q? 


Si^. 

(4-»i)n/9 l^w 



Where M represents the atom substituting the silicon, usually AP, 
and is the interstitial atom, usually Na^’ or Ca^^. When == 1 , 
the tridymite structure, and when n ~ 2 the cristobalite structure, is 
stable at room temperatures. 

A detailed analysis of low cristobaUte structures has been made by 
W. Nieuwenkamp ; the Si-O-Si angle is found to be 150 °. P’ei- 
Hsiu Wei,®^ in a redetermination of the a-quartz structure, found 
it to be 144 °. Very interesting two-dimensional crystals of cristo¬ 
balite, consisting essentially of polysynthetic twins, have been 
described as pseudomorphs of tridymite,®® the (111) i)lane of the 
cristobalite corresponding in different positions to the (0001) plane 
of the latter. Further work has been done on the formation of 
cristobalite and the coagulation of silica gels.®® 

B. E. Warren has made a very thorough study of the structure of 
silica and other glasses by means of X-rays.®® The new methods 
of crystal analysis (see p. 195 ) make it possible to determine 
the relative statistical position of the silicon, oxygen, and other 
atoms. The glasses of SiOg, GeOg, BeFg give essentially the same 
pattern. The silicon atom has six tetrahedral oxygens at 1 - 60 , four 
more silicon neighbours at 3*20, and twelve more SiOg groups at 
5-20 A, In the case of the soda glasses, a certain number of oxygen 
atoms are attached to only one silicon atom, but to several sodium 
atoms, each of which has on the average two oxygen neighbours at 
2*35 and two silicons at 3*45 A. 


See Ann. Reports^ 1933, 30, 406. 

Z. Krist., 1936, 90, 186. Ibid., 92, 82. 

M Ibid., 90, 377. Ibid., 92, 366. 

65 F. P. Dwyer and D. P. Mellor, J. Proc. Roy. Soc. N.S.W., 1934, 68, 47; 
A., 1936,324; 67, 420; /!., 1934, 947; M. O. Charmandarian and V. K. 
Markov, Ukrain. Chem. J., 1933, 8, 1 ; A., 1244. 

6« Physical Rev., 1934, [ii], 46, 657; A., 1934, 834; B. E. Warren and C. F. 
Hill, Z. Krist., 1934, 89, 481; B. E. Warren and A. D. Loring, J. Amer, Ceram. 
Soc.f 1935, 18, 269; A., 1308; cf. H. Hollenweger and H. Rumpett, Angew. 
Chem., 1933, 46, 662; A., 1933, 1247. 
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Electron diffraction has also been applied to the study of glasses.®'^ 
N. A. Scbisohakov has obtained the rather surprising result that very 
finely powdered silica glass shows sharp lines, indicating either 
the presence of small crystals of cristobalite in normal glass, or more 
probably, the rapid devitrification of glass when ground to a fine 
powder. 

Structural work on the felspars has been continued.The san- 
idine type is found to hold for the K~Ba felspars. The albite- 

anorthite series (NaAlSigOg-> CaAl2Si20g) show a doubling of the 

unit cell when the number of calcium atoms is greater than that of 
sodium. 

The structure of the zeolites has been particularly well studied 
with special relation to their base-exchange properties; a general 
picture of them is given in an important paper by W. H. Taylor.®® 
The mode of binding the unattached cations and the water mole¬ 
cules is discussed, and it is found possible to place the water mole¬ 
cules in such a way as to specify the tetrahedral j)ositive and negative 
linkings postulated by Bernal and Fowler.®^ J. Wyart has deter¬ 
mined the structure of chabazite and other zeolites, and an imi)ortant 
series of papers has been produced by F. A. Jhinnister and M. H. 
Hey correlating the chemical and structural properties of the 
zeolites. The deformed Al-Si framework of the structures of 
hauyn and nosean, NafAl(jSig024]S04, has been studied by 
Machatschki.®^ 

Clay Minerals .—The structure of the clay minerals has excited 
much interest, both scientific and technical, in connexion with 
ceramics and soils. A general account of the A-ray work is given 
by U. Hofmann,®®® and a more popular historical survey by C. E. 
Marshall. Owing to the fine-grained nature of clays, the problem 
offers great difficulties, but A-ray methods have succeeded at least 
in ordering an apparently bewildering mass of data. 

J. W. Gruner ®® 11 . C. MacMurchy,®’^ M. Mehmel,®® and 

N. A. Schischakov, Nature, 1935, 136, 514; A., 1309; K. R. Dixit, 
Physikal. Z., 1934, 36, 141; A., 1934, 352. 

W. H. Taylor, J. A. Darbyshire, and H. Strunz, Z. Krist., 1934, 87, 464; 
A., 1934, 947. 

See Ann Reports, 1933, 30, 405. 

•0 Proc. Roy. Soc., 1934, [A], 146, 80; A., 1934, 947. 

See Ann. Reports, 1934, 31, 42. 

•a BuU. Soc.franQ. Min., 1933, 66, 81; A., 1934, 1197. 

•» Min, Mag., 1933, 23, 421; 1934, 23, 483, 656; A., 1934, 167, 608, 882; 
1936,24,99; A., 1346. 

Centr. Min., 1934, [A], 6, 136. See ref. (70), p. 207. 

Science Progress, 1936, [v], 30, 422. 

•• Z. Krist., 1934, 88, 412; A., 1934, 1162; Amer. Min., 1934, 19, 667; A., 
1934, 841; 1936, 20, 476; A., 1346. 

Z, Krist., 1934, 88, 420; A., 1934, 1162. «« Ibid., 1936, 90, 63. 
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others have made more or less complete structure analyses. There 
are roughly three series of clay minerals containing treble, double, 
and single (SiAl)205 and Al2Mg3(OH)e hexagonal layers. They differ 
from the micas in that the layers are electrically neutral and are 
joined only by hydroxyl bonds. The treble series is represented by 
talc and pyrophyllite, with two SigOs layers on either side of 
Mg3(OH)2 layer (talc) or Al2(OH)6 layer (pyroi)hyllite). The 
formula may be written (indicating layers in turn by brackets) 

(03)Si(020H) (02011)Si(03). By intercalating an indefinite 

amount of water between such layers, the bentonite-thixotropic 
minerals are formed, montmorillonite (Mg), beidellito (AJ), and 
nontronite (Fe^^). The double series has a Si205 layer on one side 
only of the Al2(OH)g layer. It is represented by kaolinite, 
(03)Si(020H)Al2(0H)3, and also by nacrite, dickite, and meta- 
halloysite, which differ only in relative positions of the layers. 

The single-layer clays are represented by halloysite, which has 
alternate silica alumina sheets joined by hydroxyl bonds, 

. . . ( 03 )Si 0 H. . . (O.H) 3 A 12 ( 6 h )3 -; 

here also water can enter between the layers. 

Optical and chemical research is keeping pace with the X-ray 
studies.’® The formulae of the minerals have been recalculated,’^ 
and the main types, kaolinite, dickite, and montmorillonite, synthes¬ 
ised by R. H. Ewell and H. Insley by heating co-precipitated 
hydrogels under high pressure. 

Com^plex Ions.—Diatomic and linear ions. The cyanide ion in 
AgCN does not rotate as it does in KCN,’^ but as 0 . D. West 
has shown, it forms a unique linear lattice Ag-CN-Ag-CN in which 
there is considerable freedom of motion along the lines. The 
Ag-Ag distance is only 5*26 A., so it is possible for Ag to be co- 
ordinately linked to the CN group at either end. The peroxide ion, 
O2", has been studied in the tetragonal Sr02 and Ba02, isomorphous 
with CaC2.’^^ The 0-0 distance is 1*31 (Pauling theoretical, 1 * 32 ; 
in persulphate, 1 * 46 ). The CNS group is found to be bent at an 

•® B. Gossner, Centr, Min,, 1936, [A], 7, 196; G. Nagelschmidt, Z, KrisL, 
1934,87. 120; A., 1934, 274. 

C. S. Boss and P. F. Kerr, U,S. OeoL Survey, 1934, Prof. Paper 186-G, 
136; A., 1936, 322; C. E. Marshall, Z, KHsL, 1936, 90, 8. 

’1 J. Holzner, Chem. Erde, 1936,9,464; A,, 1220; C. E. MarshaU, Z. KrisU, 
1936, 91, 433. 

J, Res, Nat, Bur. Stand,, 1935, 15, 173; A,, 1333. 

See Ann, Reports, 1931, 98, 295. 

Z. Krist,, 1934, 88, 173; 1936, 90, 555; A., 1194. 

J. D. Bernal, E. Djatlowa, I. Kazamowaky, 8. Reichstun, and A. G. 
Ward, ibid., 1936, 92, 344. 

W. BtiBsem, P. Giinther, and R. Tubin, Z, physikal, Chem,, 1934, [Bl, 
24,1; A., 1934» 243. 
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angle of 130 °, but the results are not conclusive. The I3' group of 
NH4I3 has been carefully studied by R. C. L. Mooney; it is practic¬ 
ally straight but unsymmetrical, I~I distances being 3*10 and 2 * 82 , 
a small but probably real difference. The I-I distance in different 
molecules is 4*1 — 4*28 and NH4-I 3*7 A. W. H. Zachariasen and 
Mooney have determined the structure of the hypophosphite 
group H2PO2; it is a distorted tetrahedron with oxygen at two 
corners and hydrogen at the others; the 0 -P ~0 angle is 120 °. 

AX3 ions. The structure of sodium hydrogen carbonate has also 
been determined by Zachariasen.'^® The CO3 groups are linked 
in endless chains by a hydrogen bond of length 2-55 A. Caesium ni¬ 
trate has a pseudo-cubic structure resembling Csland KIO3. When 
NO3' ions are not parallel or are rotating, they behave as if they were 
simple ions about equivalent to I', as also do the CIO4', Mn04' ions. 

AX4 ioTis. The BP4' and Beh^" have been proved iso- 

morphous with the CIO4' and SO4" ions. Ce2(W04)3 has a 
scheelite, CaW04, structure with cerium atoms statistically distri¬ 
buted. Nae(S04)2ClF, sulphohalite, is shown by A. Pabst to 
have an extremely compact cubic structure with SO4 groups in the 
cube centre, Cl and F alternately at the corners, and Na atoms 
mid-way along the edges. 

AXq ions. The structures of a large number of hexafluoro- and 
hexachloro-salts have been determined,®^ but in every case they 
confirm the octahedral character of the group. The ions OSO2CI4" 
and OsNCls" also appear to be octahedral, the first in trans- 
configuration. 

L. Pauling, H. P. Klug, and A. N. Winchell ®® have shown that 
swedenborgite, NaBe4Sb07, does not contain an SbOy group but 
consists of SbOg groups and Be40 groups as in basic beryllium acet- 

” Z, KriaU, 1935, 90, 143. 

J, Chem. Physics, 1934, 2 , 34; A., 1934, 243. 

Ibid., 1933,1, 634; A., 1934, 16. 

*0 L. Waldbauer and D. C. McCann, ibid., 1934, 2, 615; A., 1934, 1161. 

J, L. Hoard and V. Blair, J, Amer, Chem. Soc., 1935, 57, 1985. 

P. L. Mukherjee, Current Sci., 1934, 3, 66; A., 1934, 1162; R. Hultgren, 
Z. Krist., 1934, 88, 233; A., 1934, 1162; J. L. Hoard and V. Blair, J. Amer. 
Chem. Soc., 1935, 57, 1985. 

J. Beintema, Proc. K. Akad. Wetensch. Amsterdam, 1935, 38, 1011. 

Z. Krist., 1934, 89, 514. 

B. Gk>ssner and O. Kraus, ibid., 88, 223; A., 1934, 1161; J. A. A. Kete- 
laar, ibid., 1935, 92, 155; R. B. Corey, ibid., 1934, 89, 10; R. B. Corey and 
R. W. G. Wyckoff, ibid., p. 469; G. Engel, ibid., 1935, 90, 341; J. L. Hoard and 
L. Goldstein, J. Chem. Physics, 1935, 3, 645. 

J, L. Hoard and J. D. Grenko, Z. Krist., 1934, 87, 100; A., 1934, 243. 

J. Verhulst, Bull. Soc. chim. Belg., 1933, 42, 359; A., 1933, 1235. 

Amer. Min., 1935, 20, 492; A., 1308. 
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ate.®® NaSb(OH)0,®® though tetragonal, a == 8 * 00 , c = 7 * 86 , has 
essentially a sodium chloride structure of Na* and Sb(OH)e' ions 
bound together in a face-centred cubic array by hydroxyl bonds as 
in Te(OH)g, a = 7*83 (see p. 213 ). 

PyrO‘, jper-, and poly-ions. G. R. Levi and G. Pcyronel have 
studied the cubic salts (Si, Ti, Zr, Sn, Hf)P207 and have established 
the fact that the P207“ ion consists of two tetrahedra with a common 
corner and possessing the symmetry 3 , trigonal axis. The strong 
effects of the quadrivalent ions may be in part responsible for this 
regularity. It would be interesting to see what the structure of the 
P2O7 ion would be in an alkali pyrophosphate. The trithionate ion 
(830^)2- is essentially, according to W. H. Zachariasen,®^ a pyro-ion 
in which the linking is done through a sulphur atom (see Fig. 3 ). 
The ion has one plane of symmetry through the three sulphur atoms, 

Fig. 3. Fig. 4. 


• S ulphur. O ‘ 

Structure of trithionate radical. Structure of persulphate group. 

and a pseudo-plane perpendicular to it. The S-S distance is 2*15 A. 
and the S-S-S angle 103 °. 

The per-ions differ from the pyro-ions in that their oxygen atoms 
are joined, not shared. Zachariasen and his co-workers®® have 
made a careful study with Fourier analyses of the persulphate ion 
in the ammonium, potassium, and csesium salts. The two SO4 
groups are joined somewhat askew (Fig. 4 ). The link between them 
is somewhat longer than the theoretical value 1 * 31 , but the accuracy 
claimed is i 0*15 A. 

The ions TlgClg'" ®^ and W2CI9'" ®® appear to be isomorphous, 

L. Pauling and J. Sherman, Proc. Nat. Acad. Sci., 1934,80, 336. 

*“ J. Beintema, Proc. K. Akad. Wetensch. Amsterdam, 1935, 38, 1015. 

Z. Krist., 1936, 92, 190. 

« J. Chem. Physics, 1934, 2, 109; A., 1934, 479; Z. Krist., 1934, 89, 529. 

•» R. C. L. Mooney and W. H. Zachariasen, Physical Rev., 1933, [ii], 44, 327; 
A., 1936, 162; Z. Krist., 1934,88,63; A., 1934, 1060; R. C. Keen, ibid., 1936, 
91 129. 

»* J. L. Hoard and L. Gtoldstein, J. Ohem. Physics, 1935, 3, 199; H. M. 
Powell and A. F. Wells, J., 1935, 1008. 

C. Brosset, Nature, 1936, 185, 874; Arkiv Ketnd, Min. Oeol., 1936, 18, 
[A], 1. 
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with a pair of metal atoms surrounded by octahedra of chlorine 
atoms which share one face, CS3AS2CI9 does not, however, con¬ 
tain the ion AsgCiQ, but should be written (CsCl)3(AsCl3)2. 

The heteropoly-acids and their salts have been further investig¬ 
ated, particularly by J. F. Keggin,®’ by X-ray powder methods.®® 
In combination, they behave as very large spherical ions, in the 
interstices between which are found other ions and water molecules. 
It is interesting that the basicity of the different heteropoly-ions 
is fixed by the number of positive ions that can fit in the invariable 
calcium fluoride structure. 

OrgaTW-metallic and Co-ordinate Ions. —The dimethylthaUium 
hahdes are an isomorphous series of a layer lattice type. H. M. 
Powell and (Miss) D. Crowfoot ®® have shown that the H30~T1~CH3 
group is linear, but also that the distance between neighbouring 
methyl groups in neighbouring layers is 4*1 G A., exactly the distance 
found in methane but greater than that in durene, 3*81 A. 

Trimethylplatinum chloride is found by E. G. Cox and K. C. 
Webster ^ to crystallise in the cubic system and to have a trigonal 
axis of symmetry. The four platinum valencies for this type of 
binding cannot be coplanar. Diarnminosilver groups in 

[Ag(NH3)2]2S04 2 and [Ag(NH3)2lN03 ® 

are probably linear, and the Cd(Nir3)4 groups in Cd(NH3)4(Re04)2 ^ 
are tetrahedral. 

A large number of workers have been concerned to show by X-ray 
methods whether the 4 -co-ordination compounds of nickel, palladium, 
platinum, and copper are tetrahedral or planar; except the trimethyl 
compound, all are found to be planar. The clearest structure is that 
of [Pd(NH3)4]Cl2,H20, studied by B. N. Dickinson.^ The Pd(NH3)4 
groups lie in planes 4-3 A. apart, which are separated by chlorine ions 
with the water groups in the interstices of the structure. The Pd-N 
distance is found to be 2*02 A. and the group is strictly tetragonal. 

An elaborate study has been made of (NH4)2CuCl4,2H20 by L. 
Chrobak ® to clear up disputes that had existed as to its nature. 

J, L. Hoard and L. Goldstein, J, Chem. Physics, 1935, 3, 117. 

Proc, Roy, Soc,, 1934, [A], 144, 75; A., 1934, 479; see also J. D. H. 
Donnay and J. M^lon, Proc. Nat. Acad. Sci., 1934, 20, 327; A., 1934, 947; 
J, W. Illin^orth and F. Keggin, J., 1935, 576; A., 834; J. A. Santos, 
Proc. Roy. Soc., 1936, [A], 160, 309; O. Kraus, Z. Krist., 1936, 91, 402. 
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A planar arrangement is found for the four chlorine atoms, though 
they turn out to be at different distances—2*0 and 2*35 A. —from the 
copper atom. The water molecules here are, however, co-ordinated 
at a distance of 2*0 A. from the copper. E. G. Cox, W. Wardlaw, and 
K. C. Webster ^ have studied a number of other complex derivatives 
of palladium, platinum, nickel and copper. The most convincing 
evidence is obtained from the dithio-oxalate derivatives of the 
first three metals, which crystallise with the whole of the complex 
in planes separated by a distance of 5*5 A. apart and have 
diad axes of symmetry. Similar evidence is provided by salicyl- 
aldoxime and other complexes of these metals, all of which crystallise 
with the complex molecules in layers 4 A. apart, excluding any 
possibility of tetrahedral arrangement. 

Similar results have been found for palladium chloride, oxalate, 
and chloro-dinitrite,® but is was impossible to analyse the simple 
compound PdCl2(NH3)2 on account of its forming a two-dimensional 
lattice of a statistical kind (see p. 188 ). 

A study showing a complete isomorphism between the tetra- 
cyanide salts of nickel, palladium, and platinum and one less com¬ 
plete between those of Mg, V and Er has been made by H. Brasseur 
and his collaborators.® The complex has a centre of symmetry and 
therefore must have a planar configuration. On the other hand, in 
CS3C0CI5 studied by H. M. Powell and A. F. Wells the complex 
C0CI4 seems to exist as a regular tetrahedron, the remaining Cl 
ion occupying a different place in the structure. 

Of the hexa-co-ordinated compounds an interesting example is 
given by [Rh(NH3)5Cl]Cl2.^^ The complex ions are slightly distorted 
octahedra, held together by the free chlorine ions. Nickel nitrites 
and caesium aurichlorides have also been studied. 

Hydrated Salts. —Recent detailed studies of liydrated salts have 
brought out the function of water of crystallisation much more 
clearly. Water is found, in general, either attached to a positive 

’ J., 1935, 731, 1475; see also F. W. Pinkard, E. Sharratt, W. Wardlaw, and 
(in part) E. G. Cox, J., 1934, 1012; A.y 1934, 994; E. G. Cox, H. Saenger, and 
W. Wardlaw, ibid.^ p. 182; A., 1934, 397. 

® F. G. Mann, (Miss) D. M. Crowfoot, D. C. Gattiker, and (Mrs.) N. Wooster, 
J., 1935, 1642. 

• J. Pi^rard and A. de Rassenfosse, Z. Krist.^ 1935, 90, 470; A. do Rassen- 
fosee and J. Pi6rard, Bull. Soc. Sci. Li^ge, 1935, 74; H. Brasseur and A. de 
Rassenfosse, ibid.^ pp. 24, 68, 171, 277; H. Brasseur, A. de Rassenfosse, and J. 
Pi^rard, Compt. rend., 1934, 108, 1048; A., 1934, 479. 

10 J., 1935, 359. 

11 C. D. West, Z. Krist., 1935, 91, 181. 

A. Ferrari and C. CoUa, Qazzetta, 1935, 86, 168, 789, 809; A. Ferrari, A. 
Baroni, and C. Colla, ibid., p. 797. 

“ N. ElUott, J. Chem. Physics, 1934. 2, 419; A., 1934, 947. 
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ion, or lying between other water molecules and negative ions. In 
either case the arrangement of the water molecule is such as to satisfy 
the binding properties postulated by the Bernal-Fowler theory.^* 
In the first case the ion may occupy one or two of the positions of 
negative attraction in the molecule ion, according to its polarising 
power. The degree of binding of the water is shown very clearly by 
its infra-red absorption,which varies from that of ice to that of 
water according to the tightness with which the molecule is held. 
Lithium sulphide monohydrate is the only example of a monohydr¬ 
ate studied.^® Each water molecule is attached to one lithium atom, 
to two sulphate oxygens, and to another water molecule. The 
binding is so slight, HgO-HaO ^ 2-80 A., that rotation of groups is 
not excluded. The crystal structure of CuS04,5H20, which has been 
completely worked out by C. A. Beevers and H. Lipsonj^*^ is of 
particular interest to chemists. The five water molecules are differ¬ 
ently situated; four are arranged in a plane about the copper atoms 
at a distance of 1 * 97 —2*0 A., and the other is not attached to any 
metal atom but connected tetrahedrally to two water molecules of 
the first type and two sulphate oxygens. The copper group also 
contains two sulphate oxygens, but at a greater distance, 2*3, 
2*45 A., so there is no doubt that water molecules are here held by 
planar co-ordination forces. The whole structure satisfies very 
exactly Pauling’s ionic valency scheme. C. A. Beevers and C. M. 
Schwartz have examined NiS04,7H20, and here again six of the 
water molecules are co-ordinated to the nickel and one is loose. 

In the hexahydrates of magnesium and aluminium halides, an 
almost regular octahedral co-ordination of water molecules round 
the cations is found.Some curious isomorphous relations have 
been found by C. D. West in the hydrates of perchlorates and 
iodides. In the first place, iodine and perchlorate ions seem to 
function almost identically in the structure owing to high symmetry, 
not to rotation. In the second place, Ba(Cl04)2,3H20 is found 
to be isomorphous with LiC104,3H20. 

A very complete study of the alums has 

been made by H. Lipson.^^ Three types of alum structure have been 

See Ann. Reports, 1934, 31, 42. 

L. Paseerini, Oazzetta, 1936, 65, 602, 611; A., 1300. 

G. E. Ziegler, Z. Krist., 1934, 89, 456. 

Nature, 1934, 138, 214; A., 1934, 243; Proc. Roy. Soc., 1934, [A], 146, 670. 

« Z. Krist., 1936, 91. 167. 

K, R. Andress and J. Gundermann, ibid., 1934, 87, 346; A., 1934, 479; 
K. R. Andress and C. Carpenter, ibid., p. 446; A., 1934, 947. 

Ibid., 88, 198; A., 1934. 1161; ibid., 1936, 91. 480. 

Phil. Mag., 1936, 19, 887; Proc. Roy. Soc., 1936, [A], 151, 347; A,, 1308; 
H. Lipson and C. A. Beevers, ibid,, 148, 664. 
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found, corresponding to (i) very large univalent ions,e.gr.,Cs,N(CH3)4; 
(ii) medium-sized ions, Rb,K; and (iii) small ions, Na. All alums 
have in common the co-ordination of six water molecules round the 
tervalent cation. The first two differ in the arrangement of the 
remaining six water molecules, and sodium alum has the reverse 
position of the sulphate group along the trigonal axis. As all three 
are cubic structures, we have here a case where only X-rays can 
show that the series is not isomorphous. 

The only complete study of a salt containing molecules, other 
than water and ammonia, has been made by S. B. Hendricks for 
CaS04,4C0(NH2)2'^^ The urea groups act as dipole links between 
the positive and negative ions of the salt. AgN03,C0(NH2)2 has 
probably a similar structure.^^ J. D. B. 

A. F. W. 

Molecular Crystals. 

Last year some of the most important advances described in the 
report were those resulting from the application of rapid preliminary 
measurements and extensive surveys of related substances to the 
structure of unknown chemical compounds. Such was the work 
on the sterols, sex hormones, and related compounds which has 
continued to yield valuable results.^ This method depends upon the 
use of optical or magnetic measurements to determine the probable 
orientation of the molecules in the crystal, and upon the use of 
molecular models derived from the results of exact structure deter¬ 
minations. 

Considerable doubt has been expressed in the past as to the 
absolute reliability of the first of these methods, and it is therefore 
particularly satisfactory that we now have several examples in which 
exact structure determinations have confirmed the molecular orient¬ 
ations chosen from optical and magnetic data.^ Further, a very 
complete test has been applied to the whole theory by S. B. Hen¬ 
dricks and W. E. Derning ® from an examination of the optical 
anisotropy of the crystals of a "series of oxalates. They have 

« J. Physical Chem., 1933, 37, 1109; X., 1934, 243. 

w G. L. Clark and C. O. Werner, Z. Krist,, 1934, 83, 162; X., 1934, 1162. 

1 G. E. R. Schulze, Z. physikal. Che7n., 1934, [X], 171, 436; Y. Go and O. 
Kratky, ibid,, [J5], 26, 439; J. D. Bernal and (Miss) D. M. Crowfoot, Chem, and 
Ind„ 1934, 58,953; X., 1934, 1364; 1936,54, 701; X., 1120; D. M. Crowfoot, 
ibid., p. 668; A. Kofler and A. Hauschild, Z. physiol. Chem., 1934, 224, 160; 
A., 1934, 816; S. B. Hendricks, Z. Krist., 1934, 89, 427; X., 1936, 162; A. 
Heuhaus, ibid., 89, 505; X., 1934, 413; ibid., 1935, 90, 416; X., 1196; H. 
Brasseur, ibid., 91, 369; G. Mackiniiey, J. A?fier. Chem. Soc., 1934, 56, 488; 
X., 1934, 362. 

* K. 8. Krishnan and 8. Banerjee, Proc. Boy. Soc., 1936, 234, 266. 

» Z. KHst., 1936, 91, 290. 
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calculated the birefringences of the crystals from the molecular 
refractivities and the orientations of the molecules in the crystal 
previously deduced from X-ray data. There is very close agreement 
between the calculated and observed birefringences, which indicates 
that no confusion is caused by intermolecular interaction. Similar 
calculations have been made with good results for guanidinium 
iodide^ and for sodium carbonate monohydrate.^ The usefulness 
of even the molecular refractivities calculated direct from the crystal 
refractive indices as an indication of molecular structure has been 
demonstrated by A. Neuhaus ® for a large series of compounds. 

Still more important advances have been made in the direction 
of exact structure determination, and it is in this held that we have 
most interesting results to report. Last year we listed the inter¬ 
atomic distances found in seven organic crystals of which complete 
structure analyses had been made up to that date, but this list 
could now be more than doubled. A very good summary of the 
extent to which interatomic distances had been measured with 
precision by X-rays up to the end of 1934 has been given by J. M. 
Robertson.'^ Another list also appears in a paper by H. Mark ^ 
which supplies in addition a valuable survey of the various physical 
methods available for the study of the shape and structure of 
organic molecules. 

The first Fourier analyses of organic compounds, such as those of 
urea, thiourea, naphthalene, and anthracene, did little more than 
render precise the pictures of the structures already accepted by 
organic chemists through the attachment of these exact interatomic 
distances. But the last two years have seen the extension of the 
method into the field of pure chemistry in two directions. The 
first is the direct determination of the mutual orientation of the 
constituent atoms where this is unknown, as in the case of cyanuric 
triazide (see below). The second is a determination of the nature of 
the chemical bonds present. The measurements of standard 
organic compounds have provided us with a scale of bond lengths, 
normal distances between atoms both inter- and intra-molecular, to 
be applied to actual substances under investigation. But the results 
obtained by the application of this scale are rapidly leading us 
beyond the pictures of molecular structure given us by classical 
organic chemistry. 

Simple Molecular Structures .—Considerable work has been done 
by improved techniques in the examination of crystals at low 

* W. Theilacker, Z. Krtsf,, 1936, 91, 90. * H. Brasseur, tbtd., p. 282. 

« Ber., 1934, 67, 1627. 

’ Ph^s. Soe, Rep,, p. 40; Chem, Rev,, 1936, 16, 417. 

» Z. Elektrochem,, 1934,40,413; A„ 1934, 1088. 
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temperatures. L. Vegard* has determined the structures of 
a-(fixed) and p-(rotating) nitrogen, and shown that those of carbon 
monoxide are almost exactly similar.^® The C ~0 distance in solid 
carbon dioxide is found to be 1*13 db 0-02 A. The structure of 
oxygen in its different forms has been very much studied, but no 
conclusive results have been obtained. Absorption-spectrum 
studies point to the existence of O4 molecules in liquid oxygen and 
in all forms of solid oxygen. Vegard 1® has shown that y (high- 
temperature) oxygen has a cubic structure a — 6-83 A. containing 
16 atoms and consequently almost certainly four rotating molecules 
of O4. These must lie along the trigonal axes, and consequently a 
structure such as (I) is more probable than ( 11 ); a- and p-oxygen 

O 0-0 

(I.) O (ir.) 

o o o—o 

have very similar structures, but they are rhombohedral and not 
cubic and contain three molecules of O4. 

E. F. Burton and W. F. Oliver 1^ have shown that water vapour 


Fig. 5. 



Molecule of Sulphur Sf^. 


condensed at temperatures below — 110*^ gives rise, not to ice, but 
to water glass, which, to judge from the position of the intensity 
maxima, must have a density equal to or less than that of ice at the 
same temperature. At — 110 ^ this water glass rapidly devitrifies to 
ordinary ice. Solid hydrogen peroxide is found to have a tetra¬ 
gonal structure, c ™ 8 * 02 , a ~ 4 * 02 , with four molecules per cell. 
The arrangement may be similar to that of cristobalite. 

The structure of two forms of sulphur has been determined. 
A careful study of rhombic sulphur by A. E. Warren and J. T. 
Burwell has shown that the cell contains 16 molecules of Sg; 
these molecules are in the form of puckered octagons (see Fig. 5), 

® Proc. K. Akad, Wetensch, Amaterdam^ 1934, 37, 780; A., 1935, 147. 

10 Z. Phyaik, 1934, 88, 235; A., 1934, 587. 

W. H. Keeaom and J. W. L. Kohler, Physica, 1934,1, 167 ; A., 1934, 244. 

A. Prichotko, M, Ruhemann, and A. Federitenko, Physikal. Z. Sovietunion, 
1935, 7, 410; A., 1291; M. Guillien, Compt. rend., 1934, 198, 1486; A., 1934, 
581; H. Salow, Z. Physik, 1934, 90, 11; A., 1934,1055; W. Finkelnburg, ibid,, 
p. 1; A., 1934, 1055. 

Ibid., 1935, 98, 1. Proc. Roy. Soc., 1935, [A], 153, 166. 

F. Feher and F. K16tzer, Z. Elektrochern., 1935, 41, 850. 

J, Chem. Physics, 1935, 3, 6. 

REP.—VOL. XXXII. 
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with an S--S distance of 2*12 A. (calc., 2 - 16 ) and a bond angle of 
1054 ''. The Sg molecules are stacked in four layers approximately 
perpendicular alternately to the (110) and (110) directions in the 
cell; the nearest approach between sulphur atoms in neighbouring 
molecules is 3*3 A. Plastic sulphur is the simplest type of poly¬ 
merised fibre structure. On stretching, it can, like rubber, be 
made to crystallise, though normally it is amorphous : that is, 
the sulphur chains are tangled with each other. The structure 
that these fibres form has been thoroughly worked out by K. H. 
Meyer and Y. 00;^*^ the cell is monoclinic with an identity period 
of 9-26 A. along the fibre axis. A close analogy to the polymorphism 
of sulphur is furnished by (PClgN)^, which forms both 3 - and 6-unit 
rings and also elastic polymerised fibres of period 5*16 A. Partial 
studies have been made of two red monoclinic varieties of selenium 
which also probably contain Scg molecules. 

The structure of red and black phosphorus has been studied by 
R. Hultgren, N. S. Gingrich, and B. E. Warren.The amorphous 
form of both has been analysed and shows a layer lattice of 3-co¬ 
ordination type not unlike that of graphite with an internuclear 
distance of 2*28 A. The crystalline form, on the other hand, is a 
new type of structure and, like arsenic, of the layer tyj)e, with 
3 -co-ordination but with a rhombic type of trigonal layers. The 
atoms in the layers are 2-18 A. apart (calc., 2*20 A.). The atoms 
in different layers are separated by 3-68 A. 

Molecules of the symmetrical types AB4, ABg, generally form 
simple crystal structures. Exceptions to this rule are ZrF^ and 
HfF^ which give monoclinic crystals.Pentaerythritol tetra- 
phenyl ether, on the other hand, has a simple tetragonal cell with 
a ™ 12 * 32 , c ~ 8*43 A., with alternating tetragonal symmetry and 
two molecules in the unit cell,‘^^ This is very similar to tetraphenyl- 
methane,^^ which is also tetragonal, a ~ 10*86, c “ 7*26 A., 
differing only in the smaller axes and in the fact that here the mole¬ 
cule also possesses planes of symmetry. Hexamethylethane and 
hexachloroethane,^^ above — 125 ° and 71 ° respectively, are cubic 

Hdv. Chim, Acta, 1934, 17, 1081. 

P. Renaud, Ann. Chim., 1935, [xi], 3, 443; A., 833; Compt. rend., 1934, 
198. 1159; A., 1934, 615. 

Arch. Sci. phys. nat., 1935,17, supp. 139; Trans. Faraday Soc., 1936, 32, 

148. 

a® H. P. Klug, Z. Krist., 1934, 88, 128; A., 1934, 1160. 

J. Ohem. Physics, 1935, 3, 351. 

aa G. E. Schulze, Z. Krist., 1934, 89, 477. 

** J. Beintema, P. Terpstra, and W. J. van Weerden, Rec. trav. chim., 1935, 
44,627; A., 1195. 

24 W. H. George. Proc. Roy. Soc., 1926, [A], 113, 685. 

a® C. D. West, Z. KrisL, 1934, 88, 195; A., 1934, 1162. 
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body-centred structures, again with only two molecules in the cell, 
duo presumably to molecular rotation. Of the less symmetrical 
disubstituted ethane derivatives, ,9-di-iodoethane shows a consider¬ 
ably more (complicated packing. *The molecules do not rotate about 
the C~(y bond at ordinary temperatures, and it is interesting that the 
position taken up by the iodine atoms with respect to one another 
is the same as that in s-di-iodoethylene, tnz., the fmns-position. 
The crystals of these two compounds are very closely isomorphous. 

Aliphatic Compounds. —Among the main group of aliphatic com¬ 
pounds exact structure determinations are still very rare. We have 
still no Fourier analysis of aliphatic long chains, though a beginning 
has been made by D. A. Wilson and E. Ott towards the calculation 
of the intensities of the main plane reflexions of a series of aliphatic 
alcohols. Otherwise, work in this field is mainly confined in useful¬ 
ness to the identification of products from natural sources 
together with preliminary studies on the structure of dibasic acids,^® 
triglycerides,^® and dihydrazides.®^ In the series of the poly¬ 
methylene ring compounds the interesting fact emerges that, 
whereas at ordinary temperatures and in the licpid the molecular 
volume of a methyl( 3 ne group is greater in the cyclic than in the 
straight-chain compounds, yet this difference disappears at low 
temperatures. 

The only complete structure determinations in the aliphatic 
series are those of hexamethylenetetramine and urea, which have 
been further refined by R. W. G. Wyckoff and R. B. Corey.^^ Their 
results give valuable new readings for the F curves of carbon and 
nitrogen in this type of compound, and also lead to slightly different 
values for the interatomic distances. In hexamethylenetetramine, 
CHa-N == 1-42 A., while in urea, 0=0 = 1-25 and C^NHj = 1-37 A. 
The shortening of the distance of C-N in urea from 1-42 to 1-37 A. 
is of particular interest, since here resonance may occur between 

the two forms and —OH, the former pre¬ 

dominating. 

H. P. Klug, J. Chem. Physics, 1935,3,747 ; Z. Krist., 1935,90,495 ; ^.,1195. 

27 J. Chem. Physics, 1934, 2, 231, 239; A., 1934, 720. 

28 F. J. E. Collins, J. Soc. Chem. Ind., 1935, 64, 33; S. H. Piper, A. C. 
Chibnall, and E. F. Williams, Biochem. J., 1934, 28 , 2175; A. C. Chibnall, 
S. H. Piper, A. Pollard, E. F. Williams, and P. N. Sahai, ibid., p. 2189; A. C. 
Chibnall and S. H. Piper, ibid., p. 2209; A., 1935, 551, 152, 267, 204. 

2® F. D. La Tour and A. Riedborger, Compt. rend., 1934, 199, 215; A., 
1934, 1060 ; F. D. La Tour, ibid,, 1935, 201, 479; A., 1351. 

80 C. E. Clarkson and T. Malkin, J., 1934, 666; A., 1934, 720. 

81 M. Wolf, Physica, 1934,1, 417; A., 1934, 587. 

88 A. Muller, Nature, 1935,136, 994; A., 957. 

88 Z, Krist., 1934, 89, 462; of. R. Reinicke, ibid., 1935, 87, 417. 
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In the guanidinium haJides investigated by W. Theilacker,^ 
the distance C-N is still more reduced, the value given being 1*18 A., 
although the measurement is not susceptible of great accuracy. 
Theilacker has studied the chloride, bromide, and iodide, but only 
for the last could the crystal structure be determined with any 
approach to precision. This forms a typical layer lattice with 
iodine ions arranged on a network of puckered hexagonal rings 
separated by guanidine ions. The guanidinium ion C(NH2)3 
shows trigonal symmetry, all three nitrogen atoms being crystal- 
lographically equivalent, and the ionic character cannot therefore 


Fio. 6. 



Fig. 7. 



• Carbon. 
O Oxygen. 


The oxalate-ion. 


The molecule Be 40 (CHj,'C 00)8 (one acetate group 
is omitted). 


be associated with any particular nitrogen atom of the complex. 
The structure may be written as (I) with a positive charge on the 


(I, 

NH3 


9 

NHj 


carbon, or as due to resonance between three double-bonded 
structures of the type (II). 

Considerable interest has centred round another “ resonance ” 
problem, viz., the structure of the carboxyl group, and several 
studies have been made of carboxylic acids and their salts.Besides 

Z. Krist., 1935, 90, 51, 256; cf. A. Swaryczewski, Bull. Acad, polonaise, 
1933, [Al 359; A., 1934, 587; iUd., 1934, [A], 246; A., 1935, 152. 

36 L. P. Biefield and P. M. Harris, J. Amer. Chem. Soc., 1935, 67, 396; E. 
Hertel and G. H. Romer, Z. physikal. Chem., 1934, [B], 97 282; A., 1935, 152; 
B. C. Evans, Z. Krist., 1935, 99, 154, 
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the electron diffraction of formic acid reported last year, Pauling 
has examined the crystal structure of basic beryllium acetate.^^ 
Here he finds actual molecules Be40(CH3'C00)« present in the 
crystal and packed together as are the atoms in diamond. Inside 
the molecules (Fig. 6) each beryllium atom is at the centre of a 
tetrahedron formed by three oxygen atoms contributed by acetate 
groups and the ceutral basic oxygen. The interatomic distances 
have not been determined with any great accuracy, but Pauling can 
detect, as in formic acid, no difference between the two oxygen atoms 
of the carboxyl group. He gives the C -0 distance as 1*29 i 0*05 
A. and the O-C-0 angle as 124 *^ i 3°. 

A somewhat more exact determination of the configuration of 
the carboxyl group has been made by W. H. Zachariasen in his 
analysis of the structure of oxalic acid dihydrate, and this has been 
confirmed by 8. B. Hendricks for other oxalates.®** Zachariasen 
finds for the oxalates group a planar configuration with a centre of 
symmetry (Fig. 7 ). The C~C distance is 1*59 i 0 07 A., 0-0 in 
both cases 1 -25 0 05 A., and the 0 - 0-0 angle 126 '^. The two oxygen 

atoms are not, however, structurally identical, and their arrangement 
with respect to the water molecules in the crystal is different. 
Since the distances between the oxygen atoms in the oxalate groups 
and water molecules are only 2 * 87 , 2 * 77 , and 2-60 A., considerably 
shorter than the usual intramolecular distance of 3*5 A., Zachariasen 
has suggested that the water molecules bind the oxalate groups in 
chains by a series of hydrogen bonds. Later, J. 1 ). Bernal and 
(Miss) H. D. Megaw 40 showed that there are two possible ways of 
achieving this binding through two different systems of combined 
hydrogen and hydroxyl bonds according to whether 0^ or Og is 
acting as hydroxyl group. The interconversion of the two systems is 
tdfected by the movement of hydrogen atoms along the oxygen 
chains, and this movement provides a mechanism for the resonance 
of the two forms : 





It does seem, however, that resonance may not be complete, and the 
limits of error of Zachariasen’s measurement leave stilFopen the 
possibihty of comparatively small differences in the G-O^ and 
C-Og distances. 

Aromatic Compounds ,—In the aromatic series a number of new 

L. Pauling and L. O. Brockway, Proc. Nat. Acad. Sci,, 1934, 20, 336. 

L. Pauling and J. Sherman, ibid.^ p. 340. 

Z. KrisU 1934, 89, 442; A., 1936, 152; Physical Bev., 1934, 45, 755. 

Z. Krist., 1935, 91, 48. 

Proc. Boy. Soc., 1935, [Al 161, 384. 



230 


ORYSTALIiOGBAPHY. 


and very important structure analyses have been carried out. The 
simplest of these is resorcinol,of which only a preliminary report 
is available. Here the benzene ring appears regular, with a C-C 
distance 1*41 A., and C-OH 1*35 A. The molecules are arranged 
in spiral formation about the diad screw axis in such a way that 
hydroxyl groups in neighbouring molecules are brought to within a 
distance of 2 - 66 — 2-76 A. of one another. This close approach 
indicates binding between the hydroxyl groups of the kind discussed 
above with reference to oxalic acid and also among inorganic com¬ 
pounds. Such association between hydroxyl groups has long been 
recognised in organic chemistry, but these measurements provide 
the first accurate description of the nature of the binding. 

Hesearch has been continued on several compounds based on 
condensed ring systems. The complete analysis of chrysene is 
of particular interest as a control to the work undertaken on hydro¬ 
carbons related to the sterols.^^ Preliminary measurements are 

Fig. 8. 



DibenzyL 


also reported for 1 : 2-c?/cZopentenophenanthrene ^ and for dodeca- 
hydrobenzanthracene which shows, as would be expected, a 
considerable thickening of the molecule, and also of the optical and 
magnetic properties of 1 : 2 : 5 :6-dibenzanthracene 1 : 3 : 5 - 
Triphenylbenzene is closely related in crystallographic behaviour 
to the condensed-ring compounds, since the molecules appear 
perfectly flat with all the phenyl rings extended symmetrically 
coplanar with the central ring. In the crystals, they are packed 
closely interlocking in layers, with the molecular planes very slightly 
inclined to the normal to a pseudotrigonal axis. 

J, M. Robertson, Z. Krist.f 1934, 89, 318; Nature, 1935, 136, 755. 

J. IbaU, Proc. Roy. Soc., 1934, [ A ], 146, 140; A., 1934, 1162. 

42 J. D. Bernal and (Miss) D. M. Crowfoot,1935, 93. 

44 J.Iball, Z. KrisL, 1935, 98, 293. 

45 Idem, Chem. and Ind., 1935, 64, 716. 

4« J. Iball and J. M. Robertson, Nature, 1933,182, 750; A., 1934, 17; J. I). 
Bernal, ibid., p. 751; A ., 1934, 18; K. S. Krishnan and S. Banerjee, Z. Kriat., 
1935, 91, 170, 173. 

47 B. P. Orelkxn, J. Oen. Chem. Russia, 1933, 3, 643; A., 1934, 134; (Mrs.) 
K. Lonsdale, Nature, 1934, 183, 67; A., 1934, 134; B. Orelkin and (Mrs.) K. 
Lonsdale, Proc. Roy. Soc., 1934, [ A ], 144, 630; A., 1934, 834; K. S. Krishnan 
and S. Banerjee, Nature, 1934, 133, 497; A., 1934, 479. 
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In dibenzyl, on the other hand, in contrast with the arrangement 
in triphenylbenzene and also in diphenyl, the two benzene rings are 
no longer coplanar. Preliminary examination by J. Dhar 
suggested a molecule only slightly distorted from the coplanar 
structure, but the complete analysis by J. M. Robertson shows 
clearly that the planes of the benzene rings are directly at right angles 
to the zigzag of the CHg groups (Fig. 8). Between the aliphatic 
and aromatic carbon atoms the distance is 1*47 A., and between the 
two CHg groups it is 1*58 A. The angle between the bonds of the 
CHg groups is 109*2—112°. 

In all the compounds so far considered, the benzene rings appear 
as perfectly regular hexagons with a distance between the carbon 
atoms of 1*41 A, In benzoquinone, chemical theory would expect 
considerable distortion from this model, and this has been found to 
be the case.®® Owing to the orientation of the molecules in the 
crystal, their dimensions cannot be obtained from the Fourier 


Fig. 9. 



analysis with such accuracy as in other examples. But there does 
appear to be definite lengthening of the C~-C bonds adjacent to the 
C“0 group to 1*50 A., and shortening of the ring bonds parallel 
to this to 1*32 A., corresponding to the appearance of aliphatic 
single and double bonds (Fig. 9). The C=0 distance appears 
smaller than might be expected, 1*14 A., but this agrees with the 
0=0 distance of 1*16 A. found in carbon dioxide from the infra-red 
absorption spectrum and 1*13 A. from crystal-structure data at 
low temperatures (p. 225), It may be compared with the C—O 
distance of 1*25 A. found for urea and oxalic acid, and in so far, it 
confirms that the latter are midway between ‘ true ’ single and 
double bonds. 

This distortion of the benzoquinone molecule is, at least in its 
direction, in accordance with current chemical theory. But nearly 
as far-reaching changes of an altogether unexpected kind have 

Current ScL, 1934, 2, 480; A., 1934, 948. 

« Proc, Roy. Soc., 1934, 146, 473; 1935, 150, 348. 

60 Ibid., p. 106; Nature, 1934, 134, 138; A., 1934, 948. 



232 


CRYSTAIXOGKAPHY. 


been found by R. W. James, G. King, and H. Horrocks in ^-dinitro- 
benzene.®^ A preliminary examination of this compound, carried 
out by K. Banerjee,®^ g^'Ve results roughly in agreement with the 
stereochemical picture presented by the ordinary chemical formula. 
The exact structure obtained by James by Fourier projections on 
three planes reveals important departures from this picture which 
are best shown by reference to Fig. 10. The molecule as a whole 
possesses a cei^re of symmetry. The nitro-group is nearly planar, 
but apparently not quite, and nearly coplanar with the benzene 
ring, one oxygen atom being in this plane and the second slightly 
lifted above it. The distance between the carbon atom of the 
ring and the nitrogen atom is 1*53 A., decidedly longer than the 
C~N distance of hexamethylenetetramine. Further, the two oxygen 
atoms are at different distances from the nitrogen, viz., 1*10 and 


Fig. 10. 




p-Dinitrobenzene. 


1*25 A. These might correspond to distances between N=0 and 

N->0 in the usually written structure of the nitro-group 

though both are actually shorter than the accepted distances, 
viz., for N—O, 1*22 A., and for N->0, 1*36 A.®® It is surprising, 
however, that any difference should exist between them at all, 
since the resonance energy between the two equivalent configurations 
is considerable. Very careful measurements by H. 0. Jenkins ®^ 
have shown that p-dinitrobenzene has no dipole moment, and this 
has been taken to prove that the oxygen atoms of the nitro-group are 
equivalent. The only alternative is to assume that the exact con¬ 
figuration shown to exist in the solid state, which has a centre of 


61 Proc. Roy. Soc., 1935, 158, 226. 

62 Phil. Mag., 1934, 18, 1004. 

66 N. V. Sidgwick, Ann. Reports, 1934, 31, 39, 
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symmetry, is also that present in solution, i.e., that there is no free 
rotation about the C-N bond. 

Perhaps one fact in support of this hypothesis is the very marked 
interaction that appears to occur between the nitro-group and the 
benzene nucleus. The substitution of the nitro-group has produced 
a considerable shortening of one of the bonds in the ring adjacent 
to it—that approximately parallel to the shorter N=0 bond— 
though there is no compensatory lengthening of other nuclear bonds. 
The configuration of the ring as a whole can be regarded as tending 
towards one of the Dewar types of canonical structure which in 

Fio. 11, 



benzene itself is probably only present to the extent of about 7*3% 
(Pauling and Wheland).®® But we have evidently to deal here with 
a process which it is practically impossible to discuss in terms of 
ordinary valency changes. It would be most interesting if this 
striking modification in shape of the benzene nucleus produced by 
the substitution in it of nitro-groups could be related to the general 
phenomenon of the influence of substituents on the reactivity of the 
benzene nucleus. 

More information in the same direction is given by the determin¬ 
ation of the crystal structure of cyanuric triazide, one of the most im¬ 
portant and elegant pieces of work accomplished in the last two years. 


4* J. Ckem. Physics, 1933, 1. 362. 
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Two parallel investigations have been undertaken. That of E. A. 
Hughes leads to a structure agreeing within the limits of his own 
experimental accuracy with that of (Miss) I. Emaggs,®^ although it 
makes no pretensions to such perfection. It is, however, of some 
interest in indicating how far merely visual estimates of intensities 
may be relied on to give a very good first approximation picture of 
a complex structure. Miss Knaggs has made very accurate intensit^^ 
liieasurements and converted these into an absolute scale by 
comparison with standard crystals both by ionisation and photo¬ 
graphic methods. The results of her analysis lead to the structure 
of the cyanuric triazide molecule shown in Fig. IL The molecule 
as a whole is planar, with a trigonal axis perpendicular to the plane. 
The azide group is attached to the carbon atom of the ring and is 
proved to be linear, the possible deviation from the straight line being 
not more than 4“^. It is, however, not centrosymmotrical, the 
distance between the nitrogen attached to the ring and the central 
nitrogen atom being 1-26 A., while that between the two outer 
nitrogen atoms is 1-11 A. This is in good agreement with the 
suggestion of N. V. Sidgwick that the actual structure is the result 
of resonance between N=^N and 

The ring itself is considerably distorted from the hexagonal 
shape. It (consists of alternate carbon and nitrogen atoms whose 
distances are alternately 1*31 and 1*39 A. apart. Both these 
distances are shorter than C“N of hexamethylenetetramine, but as 
a first approximation they may be attributed to alternate double 
and single links. We must assume that, in contrast to benzene 
itself, one of the two Kekule forms is frozen in cyanuric triazide by 
the unsymmetrical form of the azide substituent, just as in p-dinitro- 
benzene another of the canonical structures appears forced on the 
molecule. 

A number of other investigations of aromatic compounds are 
still in a preliminary stage.That of W. H. Taylor on methylene- 
blue halides ^ is interesting in showing that the packing of organic 
ions in a crystal follows much the same principles as that of inorganic 

J, Chem. Physics t 1935, 3, 1, 650. 

Proc. Roy. Soc., 1936, [Al 150, 576; A., 1194; Nature, 1935, 135, 268; 
cf. (Sir) W. H. Bragg, ibid., 1934, 134, 138; A., 1934, 948. 

Trans. Faraday Soc., 1934, 30, 801. 

R. G. Wood, S. H. Ayliffe, and N. M. Cullinane, Phil. Mag., 1935, [vii], 
19, 405; E. Hertel and E. Dumont, Z. physikal. Chem., 1936, [B], 29, 112; 
E. Hertel, ibid., p. 117; E. Wurstlin, Z. KrisL, 1934, 88, 186; A., 1934, 1162; 
13. Gossner and H. Neff, ibid., 89, 417; A., 1935, 162; J. Dhar and A. C. Guha, 
ibid,, 1935, 91, 123; M. Prasad and P. H. Dalai, Current Set., 1934, 3, 200; 
A., 1935, 162; K. Banerjee and B. C. Guha, Indian J. Physics, 1934, 9, 287. 
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ions. The iodide ion in methylene-blue iodide, for example, does 
not appear to be associated particularly with any special part of 
the C-N-S chain but is packed conveniently between the ends of 
the lath-shaped molecules. A still more complicated molecular 
type is that of the phthalocyanines, where investigation proves the 
presence of approximately square flat molecules having a centre of 
symmetry.®^ This centre may be either left empty or occupied by 
the metals nickel, (jopper, or platinum without distortion of the 
crystal lattice, and in all these cases the four valencies of the metals 
must be coplanar. 

(Carbohydrates .—The structure of the sugars is one of the most 
diflicult problems to be attacked by the methods of X-ray crystal¬ 
lography. The shapes of the molecules depart very far from the 
simple plane and linear varieties which have been dealt with already 
with such success, and little or no help can be got from optical 
data to assist any intensive simple crystal analysis. A^-Ray data 
of a preliminary character have, however, continued to accumulate, 
both of simple mono-, di-, and tri-saccharides and their methyl, 
acetyl, and other derivatives,and E. G. Cox, T. H. Goodwin, and 
(Miss) A. I. Wagstaff have recently undertaken the review of the 
results obtained from some sixty substances. The hardness, 
high melting point, and high densities of the crystals suggCvSt that 
the crystal structure of the sugars is largely determined by the 
hydroxyl groups, which tend to interact to the greatest possible 
extent and link the molecules together in all directions in the lattice. 
Any alteration in the groups attached to the ring, therefore, usually 
requires a complete readjustment of the relative positions of the 
hydroxyl groups and hence of the molecules themselves. There 
is consequently very little relation at first sight between the dimen¬ 
sions of unit cells of different compounds obtained by X-ray data. 
In the methylated sugars, however, the interactions between 
molecules are greatly reduced, and here Cox has found it possible 
to correlate directly the X-ray data with the shape and orientation 
of the molecule. 

The shape of the molecule must depend on the stereochemical 
configuration of the pyranose ring on which it is based, and about 

J. M. Robertson, R. P. Linstead, and C. E. Dent, Nature^ 1935,135, 500; 

J. M. Robertson, J., 1936, 615. 

H. Braekken, C. J. Koren, and N. A. Sorensen, Z. Krist.^ 1934, 88, 205; 
A., 1934, 1162; G. Vavrinecz, Magyar Chem. Fol., 1933, 39, 40; A., 1934, 18; 
G. L. Leuck and H. Mark, J. Anher. Chem. Soc., 1934, 56, 1959; A., 1934, 1102; 

K. Hess and K. Dziengel, Ber., 1935, 68. [B], 1594; A., 1220; C. Trogus and 
K. Hess, ihid.f p. 1605; A., 1308; S. B. Hendricks, Nature, 1934, 133, 178; 
A., 1934, 241. 

« J., 1935, 978, 1496; A., 1196, 



236 


OBYSTALLOGRAPH Y. 


this there has been considerable doubt. The most probable 
alternatives appear to be those drawn in Fig. 12, either one of the 
Sachse forms {cis and trans) found in cyclohexane derivatives or 
the flat ring, previously discussed by Cox with reference to a-methyl- 
glucoside. In this * flat ’ ring the carbon atoms are probably in 
one plane, the oxygen slightly lifted out of it. In the Sachse rings 
it is possible for hydroxyl groups to be so attached that they lie 
cither directly in the ring or approximately at right angles to it, 
and this should lead to markedly different values for the thickness 

Pig. 12. 



^Carbon. O Oxygen. 


Possible configuration of the pyranose ring. 

to be observed for the molecules in the two cases. In the ‘ flat ’ 
ring no such distinction exists. 

Cox finds that the crystal structure of the methylated sugars 
provides a means for distinguishing the two cases. These tend 
to form long needles with an identity period along the needle axis 
in many cases of only about 4*5 A. —too short a distance to refer 
to anything but the molecular thickness. Cox has collected 26 
examples of sugars in which one unit ceU dimension is of this order 
of magnitude, since such measurements give unequivocally a 
value for the maximum size of the thickness. His results show that 
there is very little difference between the thicknesses measured 
for sugars having different configurations of the methoxyl groups. 
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yor example, the maximum ‘ thickness ’ found for a-lactose, 
4-69 A., is very little greater than that of the three p-methyl- 
gin cosides, 4*41—4*45 A., and that of hexamethyl lyxosido-lyxoside 
is even smaller, 4-20 A. This therefore suggests that the ring 
structure present is of the ‘ flat ’ variety. 

Cox also flnds certain very interesting examples of morpho> 
tropic relations between the crystal forms of related substances. 
The unit cell dimension of p-mcthylarabinoside, a-methylfucoside, 
and a-methylgalactoside 6-bromohydrin are given in the table. 
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7-81 
2 X 5-62 


These inter-relations bear out the correctness of the configurations 
assigned on chemical and optical properties to these three compounds, 
and also incidentally indicate the presence of the pyranose ring in 
a-methylfucoside. 

An exact knowledge of the configuration of the pyranose ring 
should prove an important aid towards the complete solution of 
the structure of cellulose, the problem of which has recently been 
reopened by M. Mathieu.®^ There is now a considerable accumul¬ 
ation of data on the reactions of cellulose and various derivatives.®® 
X-Ray measurements have also been made on chitin by K. H. 
Meyer and G. W. Pankow,®® who find an arrangement of chitobiose 
units in the unit cell closely related to cellulose. Starch micelles 

Compt. rend., 1934, 198, 1434; A., 1934. 587; Chitn. et Ind., 1934, 31, 
Spec. No. 792; A., 1934, 760; see also W. A. Sisson, Textile Rea., 1935, 6 , 
119; A., 1308; G. Cliampetier, Bull. Soc. chim., 1934, [v], 1, 613; A., 1934, 
993; J. Barsha and H. Hibbert, Canadian J. Rea., 1934, 10, 170; A., 1934, 
515. 

C. Trogus and K. Hess, Cellulosechem., 1934, 16, 1; A., 1934, 244; Ber., 
1935, 68, 1986; K. Hess, C. Trogxis, and G. Abel, Cellulosechem., 1936, 16, 
79; A., 1366; K. Hess, C. Trogus, W. Eveking, E. Garthe, and N. Ljubitsch, 
Annalen, 1933, 606, 260, 295; 507, 62; A., 1933, 1280; K. Hess and M. Ul- 
maim, Ber., 1934, 67. [B], 2131; A., 1935, 201; J. J. Trillat, J. Chim. physique, 
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ibid., p. 207; A., 1934, 637 ; M. Wadano, K. Hess, and C. Trogus, Z. physikal 
Chem., 1936, [H], 30, 169, 170, 183; J. J. Trillat, J. Rhys. Radium, 1934, [vii], 
5, 207; A., 1934, 834. 
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have been shown to bo surrounded by a layer of water which is 
actually crystalline and an attempt has also been made to folloiv 
the various changes that occur in micellar structure during bread- 
making.Other interesting observations are those on the mole¬ 
cular structure of sisal, coir, and oak,®® and on pine tracheids.’® 
The photographs of coir, for example, show two patterns of cellulose 
chains crossed at 45^ to one another, and in pine traoheids a single 
spiral of cellulose is formed. 

The Structure of the Proteins. —Since, on present chemical theory, 
the proteins are built of arnino-acids united by peptide links, one 
obvious method of approaching the problem of their structure is to 
study the simpler synthetic polypeptides. K. H. Meyer and 
Y. Go have now made X-ray measurements of di-, tri-, tetra-, 
j)enta-, hexa-, and hepta-glycylglycine, and also of a polyglycyl- 
glycine of molecular weight about 2000 obtained from glycocoll 
carbonate. Unfortunately, only powder photographs could be 
obtained, but these show decreasing crystallinity in passing along 
the series, the photograph of heptaglycylglycine being very similar 
to those of the polyglycylglycine. From the tetrapeptide onwards 
the strongest spacings seem to be at 4*15 A. and 3-15 A., with the 
former finally dominating. This suggests a relatively simple 
arrangement of the chains in layers 4-2 A. apart. 

These photographs do not bear any very marked resemblance 
to those which have been obtained from natural fibres such as 
fibroin and keratin.But this could hardly be expected, since in 
the natural fibres the hydrogen of glycine is substituted by a number 
of different groups—the R groups of the general formula. This 
produces an anisotropy in the directions perpendicular to the 
fibre axis, which should be shown in the method of packing the 
chains in the fibres. It is with this theoretical possibility that 
Astbury associates the two spacings observed in a great number of 
sclero-proteins of 4*65 A. and 10—11 A. The first, the backbone 
spacing, is very constant in a large number of proteins. The 
second, the side-chain spacing, varies somewhat from one species 

N. H. Kolkmeijer and J. C. L. Favejee, Z. Kriat., 1934, 88, 226; A.^ 1934, 
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J. R. Katz and A. Weidinger, Z, phyaikal. Chem., 1934, 169 , 321, 339; 
171,181; A., 1934, 1070; 1936, 165. 
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another, as would be expected with the varying nature of the 
B groups. Photographs taken of the fibres in the usual way about 
ttje fibre axis show both spacings on the equatorial layer, and it is 
nob possible to determine their mutual orientation. Astbury has, 
however, discovered that orientation of the keratin crystallites 
can be effected by lateral pressure in the presence of steam or hot 
water. The keratin molecule is first transformed from the 
a-(contracted) to the p-(expanded) form by the pressure, and the 
crystallites tlien turn so as to bring the ‘ side-chain ’ spacing 
normal to the plane of flattening. The backbone spacing proves 
to be very accurately at right angles to this. The observations 
provide strong confirmation for Astbury^s picture of the p-keratin 
structure as one of extended polypeptide chains, the most marked 
periodicity along the chain being one of 3—4 A. 

All the interconversion phenomena found between a- and P- 
keratin, including the transformation by pressure described above, 
have now been observed also with myosin, the protein of muscle. 
Thus, myosin forms fibres which, on being roughly stretched parallel, 
show an X-ray photograph resembling that of a-keratin. On further 
stretching, the p-keratin photograph appears, which may be ‘ set ’ 
by exposure to steam, but the fibres, like those of keratin, are 
elastic and, provided the fibre has not been stretched and dried, will 
contract again. Other studies have been made on actual tissues, 
and the a -> p-transformation, in particular, has been observed in 
frog’s sartorius muscle and the retractor muscle of the foot of 
Mytelus edulis.^^^ 

So far the polypeptide theory of protein structure very adequately 
accounts for the simpler X-ray diffraction effects obtained from the 
scleroprotein fibres and films. It is more difficult at first sight to 
relate such a structure to the properties of the soluble proteins. 
These behave in the ultracentrifuge as if built up of large, approxim¬ 
ately spherical molecules of molecular weight 35,000 or some 
multiple of this, and the presence of molecules of this order of 
magnitude has now been proved also by the X-ray diffraction effects 
obtained from crystalline pepsin and insulin. The early attempts 
to obtain diffraction effects for crystalline proteins failed to show 
more than two diffuse amorphous rings at about 10 and 4-3 A.— 

W. T. Astbury and W. A. Sisson, Proc. Hoy. Soc., 1935, [A], 160, 533; 
A., 1195. 
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Astbury’s side-chain and back-bone spacings respectively. These, 
from their appearance, had to be attributed to an amorphous rather 
than to a truly crystalline structure. The detection of the lattdr 
was made possible by J. D. Bernal’s observation that most protein 
crystals readily lose water on exposure to the air, so that the crystals 
as usually examined were only pseudoinorphs. By taking photo¬ 
graphs of crystals of pepsin immersed in the mother-liquor, he was 
able to obtain a true crystalline diffraction pattern, and this 
procedure has since been followed for a number of other proteins, 
e.<7., haemoglobin, edestin, and excelsin.'^'^ Imperfect powder photo¬ 
graphs of urease and pepsin had previously been obtained by 1. 
Fankuchen.’^ With insulin it has been found that the crystals 
remain unchanged on drying, so that here no precautions are 
required to obtain crystalline diffraction effects. 

Only in the case of pepsin and insulin are the data yet sufficient 
to give some information as to the size and shape of the units present, 
and these structures appear to be related to one another in a rather 
interesting way. In both cases, approximately spheroidal molecules 
of molecular weight about 37,000 appear to be present, but the 
packing is very different. In insulin the unit cell is rhombohedral, 
with a = 44-3, a ~ 115°, and contains a single Svedberg unit of 
weight 37,000. The size and shape of this molecule therefore 
follow as equivalent to the size and shape of the unit cell, and the 
packing together of the molecules is determined exactly by the 
lattice present. It is actually of a very close 8-co-ordination type. 
Pepsin, on the other hand, has a rhombohedral cell of dimensions 
a =162 A., a ~ 23°50', with a cell molecular weight 1,464,000. 
As this contains about 50% of water, only six Svedberg molecules 
of molecular weight about 37,000 are present in the cell. It is 
impossible in this case to say exactly how these molecules are 
arranged or what is their shape; but comparison of the cell dimen¬ 
sions and intensities of pepsin with insulin suggests strongly that the 
pepsin molecules are approximately spherical with radius 20 A. and 
arranged in a loose 4-co-ordination structure probably related to 
that of p-carborundum. Such a structure leaves large channels 
between the pepsin molecules to be filled with water or with the 
many impurities from which it is extremely difficult to free the 
protein completely. 

So far this work gives us no information as to what is the actual 

Nature, 1934,133, 794; A., 1934, 720; cf. W. T, Astbury and R. Lomax, 
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arrangement of the amino-acid residues inside these globular protein 
molecules, or what is their relation to the fibre proteins, but evidence 
of the connexion between the two is coming from several directions. 
Amongst the fibre proteins, on the one hand, very long spacings have 
been observed for feather keratin by W. T. Astbury and T. C. 
Marwick,®® for tendon by Wyckoff, Corey, and J. Biscoe,®^ and for a 
^number of materials such as collagen, gelatin, and nerves (though 
these latter are more probably due to lipins) by G. L. Clark and his 
co-workers.®^ These long spacings point either to the presence 
of large molecules or to the regular repetition at large intervals 
along the chain of some particular pattern of amino-acid residues. 
Such a pattern might be produced by the breakdown of some 
special configuration of atoms on the denaturation of a soluble 
j)rotein. Astbury has accordingly studied this process in a number 
of the plant globulins, and finds that denaturation does in all cases 
lead to considerable sharpening of the very diffuse rings observed at 
4*5 and 10 A.®® Moreover, denatured fibres of edestin (from 
crystals of which Wyckoff has reported typical long spacings) 
have all the elastic properties of the fibre proteins and give a well- 
oriented fibre pattern showing the typical spacings 3*3 A. along the 
fibre axis and 10 and 4-5 A. across it.®^ Still more illuminating 
results have been obtained on single crystals of excelsin, a plant 
globulin of molecular weight 200,000. By keeping this in water, 
Astbury was able to obtain a single-crystal pattern showing very 
large spacings, but superimposed on this was a typical fibre pattern 
which proved to be definitely oriented with respect to the crystal 
axes. After the exposure, the crystal was no longer soluble, although 
in shape and appearance it remained unaltered. An insoluble 
fibrous protein had evidently been obtained by some process of 
degeneration within the crystal. This suggests strongly that, 
whatever the configuration of the amino-acid residues is within the 
molecule, it is one that can be converted with very little change 
of the mutual positions of the atoms into a fibre form. But whether 
we should imagine the soluble protein ag built up of scleroprotein 
chains, or the scleroproteins as having some other structure related 
in an unknown way to a new and different configuration of residues 
in the soluble proteins, remains still to be proved. D. M. C. 
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Liquids. 

It is impossible for reasons of apace to include in this section all 
the modern developments in the theory of liquids. All that can be 
done is to give some references to recent papers on the determination 
of the statistical structure of certain liquids by means of X-rays. 

S. Katzoff has studied water, heptane, decane, benzene, an^ 
cyclohexane: in water, a tetrahedral arrangement was found ; in 
the others, a statistical close packing of chains or quasispherical 
molecules. B. E. Warren has made a Fourier analysis of liquid 
paraffin and shows that it can be represented by parallel zigzag 
chains at an average distance of 5*0 A. apart. 

W. H. Zachariasen has shown that in liquid methyl alcohol 
there is evidence for hydroxyl bonds. J. A. Prins has studied 
the diffraction of ionic solutions,®® and been able to show that a 
secondary lattice depending on the concentration exists in some, 
but not all, ionic solutions. 

The question of cybotactic groups has been much studied, 
especially by Stewart and his co-workers.®® Evidence is still 
conflicting. These groups almost certainly do exist in long-chain 
alcohols, but their presence in ethyl ether in the region of the critical 
point has been disputed by N. S. Gingrich and B. E. Warren,®^ 
who show that the observed diffraction can be explained simply 
by a statistical arrangement of a certain mean distance. It is 
interesting to note that the diffraction pattern given by liquids in 
the neighbourhood of the critical point depends only on the volume, 
and is practically identic;al at two temperatures above and below 
the critical temperature when these have the same volume. 

H. Sirk ®2 has shown, by unsuccessful attempts to induce magnetic 
orientation, that the c 3 ^botactic group in a hydrocarbon cannot 
contain more than 10,000 molecules. J. D. B. 

J. D. Bernal. 

D. M. Crowfoot. 

R. C. Evans. 

A. F. Wells. 

J. Chem. Physics, 1934, 2 , 841; A., 1935, 152. Compare H. K. Ward, 
ihid,, p. 153; A., 1934, 587; W. C. Pierce, ibid., 1935, 3 , 252; J. A. Prins and 
R. Fonteyne, Phijsica, 1935, 2 , 573. See Ann. Reports, 1934, 31 , 86. 

Physical Rev., 1933, [ii], 44 , 969; A., 1934, 244. 

t/. Chem. Physics, 1935, 3 , 158. 

Ibid., p. 72; J. A. Prins and R. Fonteyne, Phyaica, 1935, 2, 570; J. A. 
Prins, ibid., 1934,1, 1171; A., 1935, 162. 

G. W. Stewart, J. Chem. Physics, 1934, 2 , 147 ; A,, 1934, 591; C. A. Benz 
and G, W. Stewart, Physical Rev,, 1934, [ii], 46 , 703; R. B. Spangler, ibid., 
p. 698; iUd., 1932, [ii], 42 , 907; A., 1933, 1236. 

IUd., 1934, [ii], 46 , 248; A., 1934,1160. 

•* Z. Physih, 1934,89, 129; A., 1934, 834. 



ORGANIC CHEMISTRY. 
1. Stebeochemistey. 


One of the ambitions of all stereochemists has been reaUsed by 
P. Maitland and W. H. Mills,^ who have shown that an allene can 
exhibit the optical activity required of it by established theory. 
They dehydrated ay-diphenyl-ay-di-l-naphthylallyl alcohol (I) 
with (Z- and with Z-camphor-lO-sulphonic acid and obtained d- 
and Z-diphenyldinaphthylallene (11), the specific rotations (X 5461) 
having the surprisingly high values + 437° and — 438°. 


Ph 


.c:cH 


(I-) 


/Ph 

■CeOH 




10 


,H, 


Ph. /Ph 

V:c:c< 


Ph 


C,oH, 


(II.) 


CO-O-CHa-COaH 

(III.) 


Part of the credit for the resolution of an allene is also due to 
E. P, Kohler, J. T. Walker, and M. Tishler,^ who have isolated, 
from the brucine salts, carboxymethyl ay-diphenyl-y-naphthyl- 
allene-a-carboxylate (III) in enantiomeric forms, with [a]D + 29*5° 
and — 28-4°. Further developments of both of these researches 
will be awaited with more than usual interest. 

F. Barrow and G. W, Ferguson,^ by carrying out the two series 
of changes, 


Pr^ Pr^ Pr^ Pr^ Pr^ 

H-cJj-NHa H-C-NHAc —> H-cJ-NHg H-cJ-NHg 

COgH COgEt CH 2 -OH CHgBr Me 

Jy (-f')Valine (-f )a-Methyl- 

iaobutylamiae 

Me Me Me Me Me 

H-dp-NHj -> H-( 5 :-NH 2 H-cf-NHj and H-cJ-NKj ^ H-cJ'-NHa 

COjH CMea-OH CMejCl CMelCHa Pr(» 

jD(+)Alanine (~-)a-Methyl- 

wobutylamine 

show that naturally occurring dextrorotatory valine, called £(+) 
vahne, has the same configuration as (d-)alanine. 


1 Nature, 1935, 136. 994; A„ 968. 

J. Amer, Chem. Sqc,, 1935, 67, 1743; A., 1363. 
8 J.. 1936, 410; A., 736. 
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K. Freudenberg and M. Meister^ have confirmed their previous 
view that Z-lactic acid has the same configuration as natural rf- 
alanine. 

Additional evidence ® which goes to prove that ethyl (—)P- 
hydroxy-P-phenylpropionate, Ph'CH( 0 H)*CH 2 *C 02 Et, has the 
same configuration as ethyl (~)p-chloro-p-phenylpropionate, 
Ph'CHCbCHg'COgEt, is afforded by the reactions of the p-toluene- 
sulphinic and the p-toluenesulphonic ester of the former compound. 
The (+)8ulphinate reacts with chlorine and with hypochlorous 
acid to give, respectively, the (—)chloro-ester and the (--)hydroxy- 
ester. SincQ these reactions are of a similar type, it follows that 
the ( —)chloro-ester and the ( —)hydroxy-ester arise with inversion 
and have like configurations. The (+ )sulphonate reacts with 
acetic acid and with hthium chloride to give, respectively, the 
(—)acetoxy-e8ter, Ph'CH( 0 Ac)*CH 2 *C 02 Et, and the ( —)chloro- 
ester. Since the (+ )acetoxy-cster is produced by the action of 
acetic anhydride on the (+ )hydroxy-ester, it follows that these 
two reactions of the (-}-)sulphonate are accompanied by inversion, 
and therefore that the (—)chloro-ester and the (— )h 3 ^droxy-ester 
have like configurations. 

From an examination ® of a considerable number of reactions 
of the p-toluenesulphonates of d-p-butanol, d-P-octanol, and d- 
benzylmethylcarbinol, it would appear that these esters react 
with salts, Grignard reagents, pyridine, and phenol with inversion 
of configuration. With ammonia and piperidine, the d-p-butyl 
and the d-p-octyl p-toluenesulphonate may react without inversion, 
but the results suggest that d-benzylmethylcarbinyl p-toluene- 
sulphonate reacts with ammonia and piperidine with inversion. 

An interesting example of activation has been observed by A. 
McKenzie and E. W. Christie,'^ who have produced activation of 
racemic acid by adding d (or /)-malic acid to solutions of potassium 
racemate. The necessary solubility controls were made. 

From time to time, total asymmetric syntheses have been recorded. 
T. L. Davis and R. Heggie ® caused bromine to combine with 
2:4:6-trinitrostilbene in presence of right circularly polarised 
light. The stated changes in observed angle during three diSerent 
experiments were: 0•000^ 0036°, 0013°; 0-000°, 0-040°, 0-000°; 
0-000°, 0-029°, 0-009°. By comparison with work of a similar kind, 
this result must be counted as a positive one. 

« AnnaUn, 1935, 618 , 86; A., 849. 

® J. Kenyon, H. Phillips, and G. R. Shutt, J., 1935, 1663. 

• J. Kenyon, H. Phillips, and (Miss) V. P. Pittman, ibid., p. 1072; A., 
1230. 

^ Biocltem. Z., 1935, 277 , 122; A., 731. 

» J. Amer. Chem. Soc., 1936, 57 , 377; A., 480. 
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The effect of complex salt formation on the rate of racemisation 
of optically active a-phenylethyl chloride has been studied by 
K. Bodendorf and H. Bohme.® The formation of a complex salt 
with a metallic chloride, MCI, 


CHPhMeCl + MCI ^ CHPhMe[MCl 2 ] CHPhMe+ + [MClgi", 


would be expected to accelerate racemisation owing to the pro¬ 
duction of free CHPhMe' ions. A purely catalytic effect on the 
part of MCI is possible,^® however, and it is found that hydrogen 
chloride, lithium chloride, and tetramethylammonium chloride do 
accelerate racemisation slightly, and in fact to the same degree. 
On the other hand, mercuric chloride, which is little ionised by 
comparison with these chlorides, is approximately fifty times as 
effective as a catalyst as they are. Zinc chloride also catalyses 
the racemisation of the phenylethyl chloride, and its effect is 
destroyed by lithium chloride, in proportion to the amount of the 
latter present, owing to the preferential formation of LifZnClg]. 
The effectiveness of mercuric chloride depends on the dielectric 
properties of the medium : it is, for example, much greater in 
nitrobenzene that in acetone, and greater still in ether. Yet 
stannic chloride is much more effective in benzene than it is in 
nitrobenzene. Boron trichloride is more active than mercuric or 
zinc chloride, but arsenious and silicon chlorides are usually in¬ 
active. Antimony trichloride has very little catalytic effect, but 
that of antimony pentachloride is too great to permit of accurate 
measurement. 

A. McKenzie and P. A. Stewart have resolved o-nitromandelic 
acid. The active forms had the unusually high specific rotation, 
[otJoJei ± 594°, in acetone solution. Reduction of the laevo-form 
with ferrous sulphate and baryta led to the corresponding {—) 
amino-acid, which, in presence of mineral acid, passed into (-h)di- 
oxindole : 


f^CH(OH)-COoH 

l^NH, 


CH-OH 



Similarly, the (+)amino-acid gave rise to a {— )dioxindole, and the 
pure dioxindoles were obtained with [aJ’^Uei ± 40°, in acetone. 
Reduction of the (-f)nitromandelic acid with zinc dust and am- 


• Annateriy 1935, 516, 1; A.y 454. 

B. Kuhn and T. Wagner-Jauregg, Naturwias., 1929, 17, 103; A., 1929, 
425; T. Wagner-Jauregg, Monatsh,^ 1929, 53—54, 791; A., 1929, 1423. 

“ J., 1935, 104; A., 356. 
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monium hydroxide, on the other hand, gave (—)^-hydroxy- 
dioxindole; 

CH-OH 


O CH(OH)*C02H 
N02 


iCH(OH)-COj.H 

NH-OH 



and again the cyclic reduction product was obtained as the two 
optically pure forms, with i 59°, in acetone. 

R. Adams and his collaborators have continued their investigation 
of diphenyl and related compounds. Some time ago it was shown 
that variation of R (in the S'-position) in the acid (IV) produced 
definite variation in the rate of racemisation. In a more recent 
paper the effect of the same substituents when in the 3'-position 
(V) is described. The results, shown below, clearly demonstrate 
that substitution in the 3'-position has far more effect than sub¬ 
stitution in the 5'-position : 



Half-life periods (minutes) in EtOH at about 25°. 


R . 

H 

OMo 

Me 

Cl 

Br 

Half-life period (TV) 

9*4 

10*8 

11-5 

310 

32-0 

,, .. (V) 

9-4 

98-1 

.331-9 

711-3 

827'(> 


The authors conclude that the weight of R is not a factor in slowing 
down semicircular oscillations, since chlorine and bromine have 
almost the same effect, which is less than that of nitroxyl. They 
think the greater effect produced in the 3'-po8ition is possibly due 
to a repulsion effect, since the more polar the substituent R the 
larger is the effect. There can be little doubt that the valency 
directions of methoxyl and R in the 3'-series will be “ splayed,” 
but other effects are conceivable, which the authors may have 
considered but do not appear to have mentioned. The effective 
size of the methoxyl group must be less or greater if the oxygen 
atom is respectively more positive or more negative than it is in 
the parent acid. The above results show, however, that the nitro- 
acids in both series are the most stable, although here the oxygen 
atoms in the methoxyl groups are presumably most positive owing 
to the pull on their electrons by the nitro-group. It is therefore 
possible that the determining factor may be the rigidity of the 

ia H. C. Yuan and B. Adams, J, Amer. Chem, Soc., 1932, 54, 4434; A., 
1933, 63. 

” S. L. Chien and R. Adams, ibid., 1934, 56, 1787; A., 1934, 1101. 
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methoxyl-nucleus bond, which affects the ease with which the group 
is turned aside, and would be greatest when the oxygen atom is 
pulled most strongly towards the nucleus (effect of nitro-group 
large). Clearly, however, this would explain only part of the facts. 

Another striking result obtained in the same laboratories is 
the partial resolution of 2 : 6-dibromo-3 : 3'-diamino-4 : 4'-ditolyl 

(VI) . The actual angle observed for the d-hase was only + 0»18°, 
but in addition the camphorsulphonate was shown to undergo 
mutarotation in solution. Although the quantitative results need 
amplifying, it appears that the active base is less easily racemised 
than an active 2 : 2'-dibromodiphenyl-4 : 4'-dicarboxylic acid 

(VII) .The effectiveness of the 2-bromine atom in (VI) must be 
considerably increased by the presence of the amino-group in the 
3-position. In contrast to this, it is important to note the reported 
fairly ready racemisation of 4:6:4': 6'-tetrabromodiphenic 
acid (VIII), since this acid would be expected to have quite high 
optical stability. 

Br 

(VI.) (VIl.) 

^Br BT 

C. C. Li and R. Adams have determined the velocities of 
racemisation and the heats of activation for the three acids (IX), 
where R = Me, Et, or Pr®. The heats of activation were about 
the same in all three cases (about 20,000 cals.), yet the approximate 
order of ease of racemisation in six different solvents was 
OMe>OEt>OPr®, the propjd ether being approximately seven 
times as stable as the methyl ether. This result is not unexpected, 
but is a very useful contribution, particularly in connexion with 
the rotational effects of obstacle groups. 

A. M. Sadler and G. Powell explain their failure to resolve the 
acid (X) as being due to '' synchronised rotation of the nuclei, 
but in view of the difficulty of resolutions in the diphenyl series 
this conclusion will not be generally accepted. 



W. I. Patterson and R. Adams, J, Amer. Chem, Soc., 1935,57,762; A., 742. 
N. E. Searle and R. Adams, ibid,, 1934, 66, 2112; A., 1934, 1351. 

H. C. Yuan and T. T. HsU. J, Chinese Cliem, Soc„ 1935, 3, 206; A., 1237. 
J. Awer. Chem, Soc., 1935, 67, 1566; A., 1364, 

Ibid., 1934, 66 , 2650; A., 1935, 211. 
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F. Bell has obtained further evidence that obstacle groups 
can undergo displacement reactions without racemisation epsuing. 
Optically active 2 : 2'-diamino-6 : 6'-dimethyldiphenyl (XI) was 
converted into the corresponding 2 :2'-di-iodo- and the 2 : 2'- 
difluoro-compound, both of which were optically active. Similarly, 
conversion of (XII) into (XIII) by either the Hofmann or the 
Curtius reaction did not cause complete loss of optical activity. 



(XL) (XTI.) (XIII.) 

G. Wittig and D. Stichnoth ^ have prepared the phenazone (XIV). 
It formed a well-defined 6i-a-bromocamphor-7r-sulphonate, but this 
could not be resolved. The result recalls the inactivity of the 
dihydrophenanthridine (XV) when this substance was produced 
from the optically active potassium derivative (XVI) of the related 
dibenzhydryldiphenyl. 


Me Me OMe OMe OMe OMe 



(XIV.) (XV.) (XVI.) 


Similarly, S. Sako,^^ who has effected the complete resolution of 
6-nitro-6'-acetamidodiphenic acid (XVII), finds that the active 
acid is converted into inactive 5-nitrophenanthridone-4-carboxylic 
acid (XVIII) when heated with sulphuric acid. If (XVIII) is 
really planar, it is clear that there is very little room for the nitroxyl 
and the carboxyl group, and it would not be surprising if the U 
menthyl ester (say) of the acid proved to be a mixture of diastereo- 
isomerides. 

H. G. Rule and H. McN. Turner have described the partial 


NO. CO,H 


\ 

COoH NHAc 


—^ 


(XVII.) 



(xvnr.) 


O^SPh COaH 



(XIX.) 


J., 1934, 835; A., 1934, 884. 

“ Sen, 1936, 68 . [S], 928; A., 868. 

“ G. Wittig and H. Petri, Annalen, 1933. 606. 27; A., 1933. 944. 
“ BuU. Chem. Soc. Japan, 1934, 9. 393; A., 1934, 1351. 

»» J., 1936, 319; A., 618. 
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optical resolution of phenyl 8-carboxy-l-naphthyl sulphoxide 
(XIX). Mutarotation in acetone solution was not observed and it 
appears to be concluded that it is impossible to predict the practical 
interference effect in such cases. 

An interesting example of steric hindrance is described by G. 
Wittig and H. Petri,who find that methyl 8-benzhydryl-l- 
naphthoate (XX) is unaffected by phenylmagnesium bromide, 
but is readily converted into the corresponding carbinol 
(COgMe —CPhg'OH) by phenyl-hthium. 

(Miss) M. 8. Lesslie and E. E. Turner have effected the complete 
resolution of 10-ethylphenoxar8ine-2-carboxylic acid, which pre¬ 
sumably has a folded structure. The same authors failed to 
resolve 2 : 10-dimethyl- or lO-phenyl-2-methyl-phenoxarsine metho¬ 
d-camphor-10-sulphonate or -d-a-bromocamphor-Ti-sulphonate, as 
was to be expected. 

It has always seemed probable to the writer that if ever optical 
activity is shown to be associated with the presence of an “ asym¬ 
metric nitrogen atom,” it is most likely to be discovered among 
the hydrazines, and it is interesting to find that from dipole 
measurements hydrazine itself has the configuration shown by 
(XXI) (elevation) and (XXII) (plan). 


PhaCH COgMe 



(XX.) 



(XXII.) 


Similar work with nuclear-substituted phenylhydrazines by H. 
Ulich, H. Peisker, and L. F, Audrieth confirms the above view, 
and it is pointed out that certain disubstituted hydrazines should 
exhibit stereoisomerism, and that even with monosubstituted 
hydrazines two crystalline modifications may be possible. 

Considerable interest attaches to the first of a series of papers 
on leucoanthocyanins and leucoanthocyanidins. By extracting 
sawdust of the heartwoods of Peltogyne porphyrocardia (“ purple 
heart ”), the authors have succeeded in isolating a leucoanthocyan- 

2 * Bet,, 1935, 68, [J5J, 924; A,, 858. 

2« J., 1935, 1268; A,, 1390. 

2« Ibid,, p. 1051; X., 1257. 

22 W. G. Penney and G. B. B. M. Sutherland, Trane, Faraday Soc,, 1934, 
80, 898; J, Chem, Physics, 1934, 2, 492; A„ 1934, 1158. 

28 Her., 1936, 68, [B], 1677; A,, 1304. 

2 * (Mrs.) G. M. Robinson and R. Robinson, J., 1936, 744; A,, 985. 
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idin, peltogynol, which is optically active. Hot nitric acid converts 
it into styphnic acid, and oxidation of its 0-trimethyl ether gives 4:5- 
dinitroveratrole or m-hemipinic acid according to the conditions. 
These facts, in conjunction with the results of an X-ray crystallo¬ 
graphic examination by Miss D. M. Crowfoot, suggest that peltogynol 
is (XXIII). 

OH 





Cyanomaclurin, regarded by A. G. Perkin^® as probably being 
(XXIV), is shown to be best represented by (XXV). It is 
optically active, and appears to be optically stable. 

E. E. T. 


2. POLYMEEISATION. 

The processes of polymerisation have attracted a good deal of 
attention during recent years owing to the industrial importance of 
high-molecular materials. The term polymerisation is now used 
by many authors to include processes of aggregation by condensa¬ 
tion, as well as those of orthodox type, and various examples of 
“ condensation-polymerisation are described below. 

Mechanism of Chain Growth. 

Hypothesis of Stepwise Addition .—In former Reports ^ reference 
has been made to suggestions that polymerides are built up by the 
addition of monomeric molecules at the double bond of monomeric, 
dimeric, trimeric, etc., units in succession, each addition being of 
the type •CIC* + HX —y •CH*CX*. The successive additions 
of the monomeric units involve {in effect at any rate) the separation 
of hydrogen as one of the components of the addendum molecule, 

»» J., 1905, 87, 715. 

H. Appel and R. Robinson, J., 1935, 762; A., 986. 

1 Ann. Beports, 1930, 27, 91; 1931, 28, 87; 1932, 28, 11. 
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and the scheme as a whole is frequently referred to as the hydrogen- 
separation hypothesis. 

This mechanism of reaction is held to apply to the formation 
not only of dimerides such as those of wobutene, a^-diphenylethylene, 
a-methylstyrene, and indene, but also of trimerides, etc., and of at 
least certain high polymerides, such as those of indene. This 
scheme, when applied to high polymerides, is opposed to the 
macropolymerisation hypothesis of H. Staudinger.^ 

It is clear, however, that if hydrogen separation (actual, 
incipient, or potential) is postulated as a necessary feature of 
polymeric reaction, a monosubstituted olefin, R'CHICHg, might in 
the general case be expected to give four dimerides, although 
usually only one or two would be likely to arise in significant 
quantity : 

R-CHICHg + H-CR:CH2 —^ CHg-CHR-CRICHg 
R-CHICHg + H-CR:CH2 —^ R-CH2-CH2-CR:CH2 

r-ch:ch2 + h-ch:chr—^ ch3-chr-ch:chr 
r-ch:ch2 + h-ch:chr—^ r-ch2-ch2*ch:chr 

Actually, two dimerides, differing only in the position of the double 
bond, have been obtained from ^t^obutene : ^ one of these may be 
derived from the other by secondary change, or both may arise as a 
consequence of the normal mechanism controlling dimerisation. 
The number and character of the dimerides arising by mild poly¬ 
merisation of propene and A ^-butene do not seem to have been 
determined (see, however, p. 255). 

At the trimeric stage the structure of the polymerides of even 
simple olefins becomes difficult to determine experimentally. It 
has been ascertained, however, in one case, viz., that of t^obutene : 
here the trii^obutene derived by the action of sulphuric acid on the 
monomeric substance or on ?\9obutyl alcohol contains the substances 

(l)-(IV).^ 


(I.) CMeg-CHICMe-CHa-CMea (CMe3-CH2)2C:CH2 (H.) 

(TIL) CH2:CMe-CH2*CMe2*CH2-CMe3 CMe^.m-CMe^-CK/CMe^ (IV.) 

F. C. Whitmore ^ regards the polymerisation in this case as being 
promoted by acid catalysis, the first step being the addition of a 
hydrogen ion to the extra pair of electrons in the double bond : 


C:C + H® 



® Ann. Reports, 1929, 26, 105. 

* R. J. McCubbin and H. Adkins, J. Amer. Chem. Soc., 1930, 52, 2547; 
A., 1930, 1017. 

* R. J. McCubbin, ibid., 1931, 63, 356; A., 1931, 333. 

** Ind, Eng. Chem,, 1934, 26, 94; see also J. B. Conant and G. W. Wheland, 
J. Amer. Chem. Soc., 1933, 55, 2499; A., 1933, 804. 
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Then the positively charged carbon atom of the product can undergo 
the changes characteristic of an atom with a deficiency of electrons.* 
According to this mechanism the reaction mixture would contain 
at the dimeric stage the two olefins CHg.’CMe-CHg’CMeg and 
(MegtCH-CMcg, which are actually found to be the components of 
dii^obutene, and also ^ 5 obutene and two positive groups (<er/.-butyl 
and ^>ooctyl). If the mechanism is folJowed out to the trimeric stage, 
the formation of the four dodecenes (I—IV) can easily be formulated. 

The scheme is capable of application to the tetra^ 5 obutenes, 
the constitutions of which have not yet been determined experimen¬ 
tally, and to higher polymerides. It is especially to be noted that 
any olefin present in the reaction mixture constitutes a potential 
addendum, but the possibilities are complicated (a) by the possible 
reversal of additions of positive groups to olefins, and (h) by 
rearrangement of the positive groups formed by addition to olefins. 

If the hypothesis of hydrogen separation is accepted, the 
separation from the addendum (actually or by mere polarisation) of 
positive components other than the proton may be envisaged. 
In the dimerisation of amylene brought about by the action of 
sulphuric acid on ^ 5 opropy]ca^binol G. M. Kline and N. L. Drake ^ 
regard the amylene molecule, CMcglCHMe, as more prone to activa- 

e 0 

tion by polarisation in the manner CH 3 —CMelCHMe f than by 
incipient separation of H®; they do not, however, preclude the 
latter. On this assumption the two actually observed diamylenes 
(V) and (VI) can be formulated as arising from the two hydrocarbons 
which normally result from the dehydration of the carbinol, thus : 
CMegrCHMe -f- CH 3 —CMe:CHMe-->CH 3 -CMe 2 <IHMe-CMe:CHMe (V.) 
CEtMe;CH 2 + CH 3 — CMe:CHMe-> CEtMea-CHg-CMelGHMe (VL) 
The formation of isomeric dit^obutenes and tri/t 9 obutenes can be 

J, lies. Nat. Bur. Stand.. 1934, 18, 705; A., 1935, 192. 

♦ These include ; ( 1 ) union with a negative ion, X, having a complete 
octet of electrons, simple addition of HX to the double bond thus being 
completed; ( 2 ) reversal of the process by loss of the same or a different proton 
to give the same or a new olefin; (3) rearrangement of the carbon skeleton, 
followed by loss of a proton, to give a new olefin; and (4) polymerisation 
(i.e., the addition of the positive organic fragment to another molecule of 
olefin in the same way that the proton was added to the first molecule of olefin), 
the resulting larger positive fragment being itself capable of undergoing the 
changes (1)—(4). 

If in change (4) the larger positive fragment undergoes polymerisation, it 
may either add to an olefin molecule, or lose a proton to give an olefin molecule 
to which a positive fragment may add. The process is envisaged as con¬ 
tinuing in this way until large sluggish molecules are obtained. 

t The incipient separation of methyl rather than of hydrogen is justified 
by the authors on the ground of the greater strength of the O-H bond than of 
the C-C bond. 
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similarly formulated, although, in representing the formation of 
the various trimeric substances, a capacity for incipient separation 
of both Me® and H® is assumed, and the polarised addendum is in 
some cases a monomeric molecule (^.e., monomeride added to 
dimeride) and in others a dimeric molecule (^.e., dimeride added 
to monomeride). It is readily seen that on these lines the number of 
theoretically possible isomerides for pentamerides, hexamerides, 
etc., would be extremely great. 

G. S. Whitby holds that the stepwise-additive mechanism 
applies not only to the formation of low polymerides, but also to 
polyrnericles of moderate molecular weight (polyindenes) ® and of 
high molecular weight (polystyrenes); ^ in consequence, the indi¬ 
vidual polymerides in the different series all contain of necessity 
one double bond per molecule. The view is based experimentally 
on the bromine-absorbing capacity of the polymerides, and the 
fact that the dipole moments of polyindenes and polystyrenes 
increase with increase of molecular size.® Indene can be added to 
di-indene, on heating, to give tri-indcne, and styrene if heated with 
distyrene appears definitely to participate in the (additive) produc¬ 
tion of lower (about 13-molecular) polystyrenes; furthermore, 
several of the lower polyindenes are known to be themselves poly¬ 
merisable under the action of heat or of catalysts. Evidence 
contributed by R. C. Houtz and H. Adkins shows that the molecules 
of polystyrenes in a polymeric product can be lengthened ” by 
re-treatment of the latter (after its first isolation) with monomeric 
styrene in presence of a catalyst.® All these facts are consistent 
with the view that a succession of stepwise additions is involved in 
the formation of long chains by polymerisation. 

Macropolymerisation and Chain-reaction Mechanism .—According 
to Staudinger’s hypothesis of macropolymerisation ^ the poly¬ 
merisation of styrene, indene, allyl chloride, formaldehyde, etc., 
may be considered to proceed by the ‘‘ opening of the double 
bonds of the monomeric molecules, followed by head-to-tail linking 
of the forms so activated,* The free terminal valencies were at 
first supposed to be ineffective as centres of unsaturation owing to 
the large size of the molecule later the idea of tervalent carbon at 

® J. Amer. Chem. Soc.f 1928, 50, 1160; A.^ 1928, 627; Canadian J. 

1931, 4, 344; A., 1931, 833. 

’ Tram. Faraday Soc., 1936, 82, 316. 

» W. Gallay, Kolloid^Z., 1931, 67, 1; A.. 1931, 1231. 

» J. Amer. Chem. Soc., 1933, 55, 1609; A., 1933, 600. 

H. Staudinger, Ber., 1920, 53, 1082; A., 1920, i, 517; H. Staudinger 
and J. Fritschi, Helv. Chim. Acta, 1922, 5, 787; A., 1922, i, 1043. 

* More recently formulated as a chain mechanism : 

•CHR-CH*- -f- nCHRrCHg—>--CHR-CH3-[CHR-CHj]„.i*CHR-CH2* 



254 


OBOANIC OHBMISTRY. 


the ends of the long-chain molecules was replaced by the assump¬ 
tions of cyclisation and of the acquisition of ‘‘ foreign ” end groups, 
although the experimental recognition of the latter in long-chain 
hydrocarbons does not appear to have been very successful; recently 
H. Staudinger and A. Steinhofer seem inclined to consider that the 
polymeric chains with free end-valencies acquire terminal double 
bonds by intermolecular migration of hydrogen. 

From a consideration of the velocities of reaction in polymerisa¬ 
tions which appear undoubtedly to proceed by stepwise additions, 
W. Chalmers has calculated, on the assumption that the rates 
of the consecutive reactions are not greater than the rate of dimeri- 
sation, that the chief polymerides produced will be the lower ones, 
and that the proportion of these will rapidly fall off with increasing 
complexity so that less than 0-5% will exceed decameric magnitude. 
In true macropolymerisations the experimental results do not 
conform with this conclusion : indeed, styrene, vinyl acetate, the 
acrylic esters, etc., give polymeric mixtures the complexity of 
which is so much greater than the limit fixed by the stepwise theory 
that this can no longer be entertained. A few polymerisations, 
such as those of olefins by sulphuric acid, are considered to take 
place by an abbreviated series of stepwise reactions and these are 
regarded as confirming the above deduction, since, besides a pre¬ 
dominant quantity of dimeride and trimeride, only inconsiderable 
amounts of tetrameride and higher polymerides are formed. Indeed 
the small proportions of the earlier members in the various polymeric 
products from styrene, vinyl acetate, etc., show that the velocity of 
addition of monomeride to the existing dimeride, trimeride, etc., 
must be much greater than that of the primary coupling of mono¬ 
meric molecules. This absence of appreciable proportions of the lower 
polymerides has been observed at the beginning of, and during, the 
polymerisation in the cases that have been investigated.^^ Chalmers 
considers that the polymerisation proceeds as a chain reaction. 

The first stage in the chain-reaction mechanism is the formation 
of ‘‘nuclei,’’ i.e., activated molecules or reactive radicals. The 
activation required at this stage can be thermal, photochemical, 
or catalytic.^® 

H. Staudinger, A. A. Ashdown, M. Brunner, H. A. Bruson, and S. 
Wehrli, Helv. Chim. Acta, 1929, 12, 934; A., 1929, 1435; H. Staudinger, 

“ Die hochmolekularen organischen Verbindungen,” Berlin, 1932, p. 213. 

Annalen, 1935, 517, 35; A., 611. 
la J. Arner, Chem. Soc., 1934, 56, 917; A., 1934, 607. 

H. Staudinger and H. W. Kohlschtitter, Ber,, 1931, 64, [B], 2091; A., 
1931, 1270; H. Staudinger, Trans, Faraday Soc,, 1936, 32, 104. 

M. Dostal and H. Mark, ibid,, p. 54; C. E. H. Bawn, ibid., p. 182; see 
also E. K, Kideal, ibid., p. 5. 
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In the thermal polymeriBation of olefins such as styrene, the 
collision of two monomeric molecules with sufficiently high energy 
may be assumed to cause activation by “ opening ’’ the two double 
bonds and forming doubly unsaturated (activated) radicals, 
•CHX-CHg-CHX-CHg*. 

When photochemical polymerisation {e.g., of butadiene, acrylic 
esters) is in question, the monomeric molecule is activated by 
absorption of light and becomes able to form a nucleus when 
colliding with an ordinary non-active molecule. In catalytically 
promoted polymerisations {e.g., that of butadiene by sodium or of 
chlorobutadiene by oxygen) the catalyst appears to increase the 
velocity of formation of polymerisation nuclei by “ adsorption ’’ on 
the double bond. 

The nucleus may then collide with a monomeric molecule of the 
initial substance, combine with it, and grow in this way. This and 
the subsequent reactions doubtless have a low activation energy, 
and the velocity of chain-growth can therefore be high, compared 
with the velocity of formation of nuclei. The chain is thus built 
up by successive additions of monomeric molecules to the rapidly 
growing activated molecule;* it may be terminated by collision 
with a foreign molecule or by inhibition of activity due to the large 
vsize of the molecule.f 

Course of Polymeric Reaction, 

Olefins .—Although there seems little doubt that the low poly- 
merides of olefins and also many of the higher ones are ordinarily 
mono-olefinic, yet the information as to the course of polymeric 
reaction as it is determined (a) by the molecular constitution of the 
monomeric substance, and (b) by the experimental conditions, is 
meagre. Experiments on the polymerisation of propene at 126® in 
the presence of phosphoric acid indicate that the hydrocarbon 
forms esters with the catalyst: these esters readily decompose at 
the temperature of polymerisation, yielding activated olefin mole¬ 
cules which unite to form polymerides. The first-formed hexene 
may react with phosphoric acid to form hexylphosphoric acid, which 
in turn may react with propylphosphoric acid to form nonylene. 
In an analogous way either nonylphosphoric acid in reaction with 

V. N. Ipatieff, Ind. Eng, Chem., 1935, 27, 1067. 

* Presumably the chain pattern is not in all cases necessarily strictly 
regular (t.e., all the component units arranged head to tail), especially where 
the growth of the chain has been interrupted, e.g.j by iaolation of the poly- 
meride, and afterwards continued. The skeletal pattern of G. S. Wliitby’s 
polymerisation products starting from di-indene, distyrene, and tristyrene 
would be of interest. 

t For alternative routes of reaction, see M. Postal and H. Mark (ref. 16). 
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propylphosphoric acid, or two molecules of hexylphosphoric acid, 
may yield dodecene : 

In the polymerisation of mixtures of olefins, e.gr., propene-butene, 
there appear not only the respective polymerides of each hydro¬ 
carbon, but also mixed polymerides.* It is suggested that the 
formation of these may be represented thus : 

CgH/O-POCOH), + C4 Hj,-0-P0(0H)2 —> C7H14 f 2PO(OH)3 

F. C. Whitmore finds, in confirmation of the work of F. H. 
Gayer,that olefins differing in composition from the expected 
multiples of Cg-molecailes are formed from propene at 350° : in 
this case pentene (mainly CMegICHMe) and octene (containing 
CMe 2 lCMePr) appear to be formed. In the dipropene fraction, 
CMcglCHEt, CMcglCMca, and a saturated hydrocarbon, CMcgPr, 
occur, and in the C^fraction a mixture of heptanes is found. 

The tendency of aluminium chloride to yield cyclic products 
with olefins, even at low temperatures, has previously been recog¬ 
nised. Experiments by H. I. Waterman and J. J. Leendertse at 
0° to —80° show that the fraction of molecular weight 350 obtained 
by its aid from A^-pentene definitely contains one ring per molecule, 
and the branched-chain pentenes give fractions which are partly 
cyclic. At higher temperatures the proportion of cyclic matt?rial 
increases.^® 

Conjugated Dienes. Low Polymerides .—When conjugated dienes 
are polymerised, whether spontaneously or by thermal or catalytic 
means, they yield in general two types of polymeride, viz., (1) oily 
cyclic dimeridcs f and (2) rubber-like polymerides which are 
heterogeneous in molecular size and probably not invariably uniform 
in their skeletal pattern. The cyclic dimerides are not further 
polymerisable to caoutchoucs and are not intermediates in the 
passage of dienes into caoutchoucs; moreover, their formation has 
not, so far as is known, any special significance in relation to the 
mechanism of the high-polymerisation process by which caoutchoucs 

Trans. Faraday Soc., 1936, 32, 232. 

Ind. Eng. Chem., 1933, 26, 1122; B., 1933, 997. 

Eec.trav.chim., 1935,64,79; A., 192; Trans. Farad,ay Boc., 1936, 32, 251. 

* Compare the reported union of dimeric and trimeric -isobutene under the 
action of heat (Lebedev and Kobliansky, Ber., 1930, 63, [B\, 103, 1432; A.^ 
1930, 316, 1017). 

t These are substituted cyc^ohexenes containing two double bonds, but 
one apparent exception to the rule has been reported (E. Bergmann, J., 1936, 
1359; A., 1497). No artificially formed open-chain dimerides of dienes are 
known, but two such dimeric structures occur naturally, viz., ocimene and 
myrcene, related to isoprene. 
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are formed. Polymerisation, then, amongst conjugated dienes can 
proceed by at least two routes. A few trimeric polymerides of 
open-chain dienes (doubtless partly cyclic) have been obtained, 
viz,, a trimeride of isoprene,^® also a trimeride and apparently a 
tetrameride from Py-dimethylbutadiene.^^ 

High Polymerides {Rubbers). —^The characteristics, and the 
conditions determining the formation, of polychloroprenes (see 
scheme below) have now been more fully described.^^* 

Volatile polymeride -<— Monomeride —>> Plastic polymeride 
(p) (CHalCCl-CHICH.) (a) 

i . i 

Granular polymeride Non-plastic polymeride 

(<a) ifi) 

The terpene-like p-polymeride is an undesirable by-product in 
rubber synthesis, but its formation becomes appreciable only at 
temperatures higher than that necessary to promote rapid formation 
of a-polyprene. The plastic a-polymeride (corresponding to un¬ 
vulcanised rubber) is formed at moderate temperatures and passes 
rapidly into the co-polymeride (corresponding to vulcanised rubber), 
especially at higher temperatures. The co-polymeride, useless as an 
artificial rubber, often appears during very slow polymerisation and 
its formation is favoured by strong ultra-violet light and metal 
surfaces: it is made up of discrete rubber particles, non-plastic 
and unswelled by rubber solvents. When a speck of co-polymeride 
appears or is introduced into a specimen of incompletely polymerised 
chloroprene, the entire specimen is soon more or less completely 
converted into co-polymeride : its growth apparently occurs at 
different rates in different dii’ections and its structural character is 
probably closely analogous to cauliflower-like masses which appear 
spontaneously by polymerisation of liquid isoprene, butadiene, and 
dimethylbutadiene. 

J. R. Katz, however, has found that the A-ray patterns of the 
caulifiower-like polymerides resemble those of the corresponding 
polymerisates formed from the liquid dienes by the action of 
(a) heat and (b) sodium in presence of carbon dioxide, but they 
differ from those of the polymerisates formed by the action of 
sodium alone.2^ Since the low-boiling butadienes have the same 

T. Wagner-Jauregg, Annalen, 1932, 496, 52; A,, 1932, 856. 

R. G. Bacon and E. H. Farmer, unpublished work. 

S 2 Carothers, J. E. Kirby, and A. M. Collins, J. Amer. Chem, Soc,, 

1933, 66, 789; A., 1933, 371. 

W. H. Carothers, Trans. Faraday Soc., 1936, 32, 42. 

J. R. Katz, J. Selman, and Lottelise Heyne, Kaulachuh, 1927, 214; 
J. R. Katz, Trcms, Faraday Soc., 1936, BE, 83. 
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amorphous pattern as the thermal high-polymerides made from them 
—a point which agrees with the Staudinger conception of the 
constitution of the latter (•C*CICOC*CIC*C*)—^it would seem that 

12341 S 34 

only the sodium polyinerisate has an abnormal carbon skeleton.* 
Polychloroprene appears from its X-ray pattern to be a fmn^-form, 
like gutta-percha, and not a cis4orm like rubber : it is therefore a 
derivative of gutta-percha rather than of rubber. 

K. Ziegler has examined the mechanism of butadiene poly¬ 
merisation in the presence of sodium, lithium, and metallic alkyls. 
His data for the action of sodium on the hydrocarbon (and these 
are borne out by an examination of the kinetics of the reaction by 
A. Abkin and S. Medvedev 2®) point to the following general 
mechanism. Butadiene first reacts with sodium, developing 
primary additive disodio-compounds (reaction A); the reaction of 
polymerisation then consists in the successive additions of butadiene 
molecules to these compounds (reaction B). 

CH^rCH-CHICHa + 2Na — ^ Na-CHg-CHICH-CHaNa (A) 
Na-CHo-CHrCH-CHgNa + 2CH2:CH-CH:CH2 —> 

(:CH-CH2-CH2’CH:CH*CH2Na)2 (B) 

If the butadiene reacts with the sodio-organic compound at its 
1 :4-carbon atoms, the polymerisation process can be viewed as a 
successive inclusion of butadiene molecules between the carbon and 
the sodium of the sodio-organic compound, thus bringing the sodium 
continuously to the surface of the polymeride where it can react 
with adsorbed butadiene; but since the kinetic results do not point 
to a surface reaction, it seems probable that the linking of butadiene 
molecules occurs largely at the 1 :2-positions. The process re¬ 
sembles formally a chain reaction, but here the active centres 
(sodio-butadiene compounds) are transitory products of reaction and 
their rate of formation is significantly less rapid than the subsequent 
addition of butadiene to the sodio-organic compounds. The 
polymerising action of potassium alkyls, RK, is similar, the poly¬ 
meride, if I : 2-attachments 
be assumed, being represent¬ 
able as in (C). The poly- 
merides obtained by metals 

K. Ziegler and K. Bahr, Ber., 1928, 61, 263; A., 1928, 404; K. Ziegler, 
F. Crossmann, H. Kleiner, and O. ScMfer, Annalen, 1929, 478, 1; A,, 1929, 
1091; K. Ziegler and H. Kleiner, ibid., p. 57; A., 1929, 1091; K. Ziegler, 
F. Dersch, and H. Wollthan, ibid., 1934, 611, 13; A., 1934# 864; K. Ziegler, 
L. Jakob, H. Wollthan, and A. Wentz, ibid., p. 64; A., 1934, 866. 

Trans. Faraday Soc., 1936, 32, 286. 

♦ K. Harries (1912) found that the ozonides of the sodium and the sodium- 
carbon dioxide polymerides decomposed into different substances. 


CHgR-CH* 


I I - M - 

CH 9H 

Jn-CHg-CHK 
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and metallic alkyls have often comparatively low molecular weights 
(penta- to deca-meric). 

Inflmnce of SvhstiUmnts on Polymerisation CapacAty. —^Numerous 
observations have been made on the very important influence of 
substituents in promoting or inhibiting the polymerisation of 
basic systems. Certain broad tendencies are referred to by H. 
Staudinger and by Gr. kS. Whitby.^® No detailed correlation of 
substituent influences, however, appears to be possible at present. 

Characteristics of High-polyrmrides. 

High-polymerides are peculiar in that they alone among organic 
materials display to a significant degree such mechanical properties 
as strength, elasticity, and hardness; their practical uses depend 
almost entirely on these properties, which in turn depend on the 
size and shape of the macromoleeulos. The synthetic high-poly- 
merides—and no distinction is here intended between true poly- 
merides and the multi-condensation products described below— 
resemble in many of their ])roperties the high-molecular substances 
of natural origin, and can he used as more or less adequate substitutes 
for them ; also like natural high-molecular substanc^es, they dissolve 
with strong swelling to form colloidal solutions and thus belong to 
the class of lyophilic colloids. As a class they possess (considerable 
stability and have relatively simple strucctures; moreover, the 
results obtained with them are important in respect of the light 
they throw on the structure of such natural products as caout¬ 
chouc and cellulose.®” 

It is possible by variation of the conditions of preparation 
(temperature, catalyst, etc.) to form from the same initial substance 
(e,g., styrene, vinyl acetate, or acrylic esters) polymerides with 
different chain lengths, but constructed according to the same 
principle. These substances, ranging in polymeric degree from 
5,000- to 10,000-molecular (molecular weight 500,000 and upwards), 
differ only in chain length, and form polymeric homologous series; 

Trans. Faraday Soc,f 1936, 32, 286. 

28 G. S. Whitby and R. N. Crozier, Canadian J. Res., 1932, 6, 203; A., 
1932, 496; G. S. Whitby and W. Gallay, ibid., p. 280; A., 1932, 496. 

2* H. Staudinger, Trans. Inst. Robber Ind., 1935, 10, No. 3. 

8® Idem, Trans. Faraday Soc., 1933, 29, 18; A., 1933, 226; Naturwiss., 
1934, 797; A., 1935, 70. 

♦ Although many different types of synthetic polymerides (including 
multi-condensation prodiicts) have been manufactured, no naturally occurring 
polymerisation process has yet been exactly simulated. In the case of 
artificial rubber, for example, on the one hand only empirical methods of 
control have as yet been possible in conducting synthetic operations, and on 
the other hand it is doubtful whether the natural synthesis starts from a 
diene hydrocarbon as do the artifioial ones. 
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and since the physical properties of high-polymerides change with 
the length of the macromolecules, it is possible to prepare from one 
and the same initial substance high-polymerides with very different 
physical properties. This fact is of great technical importance. 
H. Staudinger distinguishes between three main groups of molecular 
colloids, differing in the lengths of the thread-like molecules : 

(1) Hemicolloids, of molecular weight up to 10,000 (chain 
length, from 50 to 250 A). These relatively short molecular 
threads have no very pronounced colloidal properties : they 
dissolve without swelling, forming solutions of low viscosity 
which obey the Hagen-PoiseuiUe law. The solids are powdery 
or glue-like masses; filaments or films prepared from them have 
little tensile strength and are easily broken. 

(2) Mesocolloids, of an order of polymerisation ranging from 
100 up to about 1000 (chain length, 250—^2,500 A). These have 
properties intermediate between those of the hemicolloids and 
of the eucolloids. 

(3) EucolloidSy of an order of polymerisation above 1000 
(chain length, above 2,500 A; the longest thread molecules yet 
prepared are about Ijx long). These polymerides have the 
characteristic properties of lyophilic colloids : their dissolution 
is accompanied by intense swelling and their solutions are 
highly viscous, are abnormal even at low concentrations as 
regards flow phenomena, and do not obey Einstein's law. 
Eucolloidal substances show a high capacity for film formation 
and are often highly elastic; the solid substances arc very tough 
and hard. The technically most important substances belong to 
this group. 

The classification holds for high-molecular substances of very 
diverse types so long as they are homopolar. The colloidal properties 
of heteropolar substances (e.g., sodium polyacrylate) differ strongly 
from those of homopolar substances {e.g., polyacrylic esters) even 
when both have the same chain length. 

Three-dimensional Polymerisation, 

Differences in Swelling Capacity of High-molmdar Substances ,— 
Certain lyophilic colloids, although of apparently identical com¬ 
position, show great differences in their capacity for swelling and 
dissolution. Some swell to an unlimited extent, lose their form, and 
finally dissolve completely,* whereas others, apparently identical 

Ber,, 1929, 62, [B], 2893; A,, 1930, 77; H. Staudinger and E. Hueemann, 
ibid,, 1936, 68, [B], 1691; A., 1319, 

♦ That is, dissolution occurs simultaneously with swelling. 
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in composition with the first, swell in the same solvents up to a 
certain limit only. The latter colloids retain their form and remain 
iindissolved even after long treatment with large quantities of 
the solvent, but their swelling capacity may nevertheless be very 
extensive, e.g., the volume may increase to as much as 50—100 
times its initial value,^^ 

Many natural products with a highly polymerised structure 
exist in two modifications, one of unlimited and the other of limited 
swelling capacity; e.g., the a- and the p-form of caoutchouc 
(the former being the ordinary soluble variety and the latter an 
insoluble variety of limited swelling capacity and corresponding 
soluble and insoluble forms of some proteins. No difference between 
the forms is revealed by chemical analysis, and the important 
differences in physical properties were at first regarded as “ colloidal 
phenomena,’’ for which an explanation was sought in the different 
micellar structures of the soluble and the insoluble modification 
rather than in their different molecular constitutions. The 
investigation of highly polymerised synthetic substances, however, 
has revealed that this view cannot be correct and Staudinger 
maintains that the variations in physical behaviour, even of colloids, 
are due to chemical differences in the molecular structure,®^ The 
macromolecules of the soluble colloid with their unlimited swelling 
capacity are different from those of the insoluble colloid of similar 
composition. The evidence is drawn largely from experiments 
with synthetic polystyrenes. 

Mixed Polymeride ^.—When pure styrene is polymerised rapidly 
with the aid of catalysts {e.g., stannic chloride), it gives hemi- 
colloidal powders, soluble in organic solvents without swelling, and 
possessing a degree of polymerisation not exceeding 50—100. 
When, on the other hand, it is polymerised slowly at low tempera¬ 
tures, there are formed strongly swelling, eucolloidal products of 
an order of polymerisation not less than 1000—5000. The molecules 
of the latter, though longer than those of the simpler polymerides, 
are still thread-shaped,^^ If, now, styrene is adulterated with 
a little p-divinylbenzene and polymerisation is subsequently carried 
out at 60—100®, a “ mixed ” polymerised product of styrene and 
divinylbenzene is obtained. The mixed product resembles the 
eucolloidal product from pure styrene in forming a tough hard 

** H. Staudinger, W, Heuer, and E. Husemann, Trans. Faraday Soc., 
1936, 82, 323. 

P. Bary and E. A. Hauser, Z» Kautschuk, 1928, 97. 

»* C. O. Weber and W. A. Caspari, 1909, 38, 779; W. A. Caspari, 
J, Soc. Chem, Ind., 1913, 32, 1041; H. Feuchter, KoUoidchem. Beih., 1925, 
20, 434. 

»» H. Staudinger and W. Heuer, Ber., 1934, 67, [B], 1169; A., 1934, 879. 
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glass and is indistinguishable from it in chemical composition. 
Nevertheless, the mixed ’’ product differs from the ‘‘ pure ” 
polystyrene in being insoluble, although it is subject to a high degree 
of swelling in organic solvents. • 

Staudinger attributes the formation of insoluble products of 
restricted swelling capacity when divinylbenzene is used, to the 
establishment of divinylbenzene bridges linking the thread-molecules 
as shown in the formula : 

Ph [" Ph 1 Ph I J Ph 

I i I V I 

• • -CH-CHa-^H-CHo- -CH-CH^- -CH-CH^-CH-CHa-CH-CH.- • • • 


-9h*ch2-ch-ch2-| ~9h-ch2-'1-ch-ch2*9h-ch2-9h-ch2- - • 

Ph 1. Ph J„Ph /\ Ph 


• • -CH'CH2-CH*CH2-r-CH-CH2-l-9H-CH2*CH-CH2*9H-CH2-- • • 
Ph XK L Ph J.Ph Ph 

••-CH-CHa--" 

Mixed polymeride from styrene mid divinylbenzene. 

Here the “ mixed polymeride must be regarded as composed of 
macromolecules extending into three dimensions, and not of simple 
tliread molecules, as was the case with ‘‘ pure ” polystyrene. 

The quantity of divinylbenzene required to give the insoluble 
product in place of the soluble one is exceedingly small. One 
molecule of divinylbenzene per 10,000—50,000 molecules of mono¬ 
meric styrene is sufficient (the precise amount depending on the 
conditions of polymerisation) and this corresponds to an addition 
of 0*01—0*002% of divinylbenzene—an amount not discoverable 
by ordinary chemical analysis. 

The efficiency of the tiny amount of divinylbenzene in bringing 
about an important change in the physical properties of the poly¬ 
styrenes is due to the fact that the soluble polystyrene is composed 
of very long chain-molecules; it is apparently sufficient to establish 
just a few Ihiks between adjoining macromolecules in order to make 
dissolution of the substance impossible. The swelling capacity 
remains, because the molecules retain their tendency to form 
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solvates; but even after solvation they cannot leave the bulk of 
the substance, because they are linked together by the ‘‘ bridges ” 
formed by divinylbenzene.^® 

Staudinger has investigated the influence of the proportion of 
divinylbenzene used (and hence the number of links between the 
chains) on the swelling capacity of the product. The swelling 
capacity decreases with increase of the proportion of divinylbenzene, 
and at high concentrations of the latter there is hardly any swelling 
at all. Pure p-divinylbenzene, when polymerised at 60—100°, 
gives vitreous products, which, though resembling the eucolloidal 
polystyrenes, are wholly deficient in swelling capacity. The 
polydivinylbenzenes are very brittle and easil}’' powdered : in this 
they are unlike the polystyrenes, which are mechanically stable; 
and the change in mechanical properties in passing from the one to 
the other is doubtless a reflcixion of the concomitant structural 
change from thread-shaped to three-dimensional molecules. The 
constitution of the polydivinylbenzenes may be symbolised thus : 




0H-CH2*CH-CH2-CH*CH2*CH-CH2~ 


-CH*CHo-CH-CHo 




-CH-CHa-- 


Poly divinylbenzene. 


Connecting the pure polystyrenes and the polymeric products 
of limited swelling capacity is a whole series of intermediate forms. 
When the proportion of divinylbenzene becomes small, the mixed 
polymeridos possess high swelling capacity and contain a proportion 
of soluble polystyrenes which can be extracted without changing the 
form of the remaining body; at still lower concentrations the 
divinylbenzene bridges become too weak to hold the substance 
together and the polymeride no more retains its form on swelling; 
ultimately, with further decrease in the concentration of divinyl¬ 
benzene, the whole substance becomes soluble. But even after 
dissolution the polystyrene molecules remain linked in groups by 
divinylbenzene links : thus the average length of the dissolved 
molecules is greater than in solutions of pure polystyrenes, and the 
viscosity of the solutions is accordingly higher. 
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There is a connexion, but no direct proportionality, between the 
length of the polystyrene chains and the amount of clivinylbenzene 
required for obtaining an insoluble product: longer (e.gr., eucolloidal) 
chains require a smaller proportion of divinylbenzene to yield an 
insoluble product than do shorter (e.g., hemicolloidal) ones. It is 
doubtless true that in eucolloidal polymerides of limited swelling 
capacity not the whole of the polystyrene molecules are linked 
together by divinylbenzene bridges : these substances, therefore, 
must represent closely interwoven mixtures formed of three- 
dimensional macromolecules of the ‘‘ mixed ” polymeride and the 
thread-molecules of the pure polystyrene. 

Soluble, Insoluble, and Vulcanised Caoutchouc, —Ordinary 
soluble (and intensely swelling) caoutchouc, when kept for a long 
time, becomes transformed into insoluble caoutchouc with limited 
swelling capacity. It can be made soluble again by mastication. 
It was therefore supposed that the transformation of the soluble 
into the insoluble form was a reversible process.®^ Subsequently 
the work of Staudinger showed that conversion of the soluble (a-) 
into the insoluble (p-) caoutchouc occurs only in presence of oxygen,^® 
and the long-chain molecules of the a-form are apparently converted 
into three-dimensional molecules of the p-form by oxygen links 
between the chains. By masticating the insoluble caoutchouc, the 
three-dimensional molecules are broken up; at the same time the 
chains are shortened by oxidation. The “ regenerated ” soluble 
caoutchouc is therefore a highly degraded product; the order of 
polymerisation of its molecules is not greater than 300—500, as 
against 1000—2000 of the original substance. Thus, according to 
Staudinger, the transformation of the soluble caoutchouc into the 
p-form is not a reversible colloidal process, but an irreversible change 
in the chemical structure of the macromolecules. 

With regard to vulcanised rubber the bulk of evidence favours the 
view that vulcanisation is the result of cross-linking through reaction 
at the double bonds. According to W. H. Carothers the average 
rubber molecule contains probably at least 5000 double bonds : 
if, then, the reaction of rubber with sulphur is pictured as the passage 
via unstable sulphides into cross-linked molecules, as below, 

:c—c: 

:crzc: + s —> :c—c:; 2:0—c: —s< >s 

Y Y 

at a minimum all the rubber molecules could be locked together 
when only 0-04% of the double bonds had disappeared, or when 
H. Staudinger and H. F. Bondy, Annalen, 1931, 488 , 163; A,, 1931, 
1067; H. Staudinger and E. O. Leupold, “ Die hochmolekularen organischen 
Verbindungen, Kautzschuk und Cellulose/* p. 443. 



FARMBB : POLYKBBISATION. 


265 


Btilphur to the extent of about 0 * 02 % of the weight of the rubber 
had reacted.®^ Experimentally the minimum amount of sulphur 
required for the beginning of vulcanisation is about 0-15%.®® 

Multi-condensations {Condensation-polymerisations). 

Owing mainly to the researches of W. H. Carothers, J. W. Hill, 
and their collaborators much information has been accumulated 
about these aggregations (so-called polymerisations) which in their 
nature are multi-condensations.* Molecules which contain two, 
three, or more groups capable of mutual interaction {e.g., 'OH, 
• 01 , ‘COaH, NH 2 ) unite with elimination of simpler molecules {e.g., 
H 2 O, HC'I, NH 3 ) to form chains of smaller or greater length, thus : 

(X.) 0H2(0H)2 + CH2(0H)2 -f nCR^(OR)^ —^ 

FormaMchydc {hydrated) H 0 -CH 2 - 0 -CH 2 - 0 -[CH 2 - 0 ]„-fCH 2 *OH 

Polyoxy methylene 

(II.) nHO-R-COsjH —^ H0-R*C0-0-R*C0-0-[R*C0-0]„-a-H 

Polyester 

(HI.) 2H02C-R-C0.,H + wHO-R'-OH —^ 

HOaC-R-CO-O-R'-O-CO-R-COlO-R'jn-i-OH 

Polyester 

(11, R' = bivaloiit groups, e,g., polymethylone) 

Bi- and Multi-functional Ileactions. —^Tho reacting groups are 
termed funciionSy and the number of such groups in a molecule is 
referred to as the degree of functionality. The interacting molecules 
need not be of the same kind so long as all are at least of bifunctional 
degree, since it is clear that polyesterifications of the type repre¬ 
sented in III belong to the same class of reactions as I and II. 

In the formation of open-chain aggregates from bifunctional 
molecules, not all the functional groups react, since at least the end 
groups remain intact; but whereas at the dimeric or two-molecular 
stage in reactions such as I—III only half the groups have reacted, 
at higher stages the proportion of groups Tvhich have undergone 
reaction increases rapidly. Bifunctional reactions can yield only 
linear polymerides, and in the formation of such polymerides 
solubility and fusibility do not appear to be lost even at very high 
molecular weights. But reactions involving higher degrees of 
functionality always present the possibility of a spreading out into 

W. H. Carothers, Trans. Faraday Soc., 1030, 32, 46. 

G. Bruni, Rev. Qen. Camitchouc, 1931, 8, No. 75; H. P. Stevens and 
W. H. Stevens, J. Soc. Chem. Ind., 1932, 51, 44t; B., 1932, 33. 

* Carothers regards true polymerisation, in which the combination of 
nnsatiirated molecules occurs additively without any elimination of smaller 
molecules, as only a special case of polymerisation. In this case the functional 
groups are the reactive ends of the double bonds. 

i2 
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three dimensions, with formation of insoluble and infusible cross- 
linked molecules. If, for example, multi-condensed molecules, 
•AX 2 ’AX 2 'AX 2 *AX 2 *, containing two separate residual functions 
X in each unit of the chain,* were to interact, then obviously all 
the chains would become locked in a single molecule when (assuming 
that no intramolecular action occurs) only two functions per chain- 
molecule had been lost : this result would be achieved for chains 
200 units long v/hen only 1% of the residual functions had been lost, 
iind would certainly be accompanied by the disappearance of 
fusibility and solubility. 

If a fraction p of the total functional groups present in the 
reacting molecules undergoes reaction, then : 

p (degree of reaction) ~ 2// — 2/a:/ 

where / ~ the number of functional groups per monomeric (or 
original) molecule, and x — the average degree of polymerisation 
(dimeric, trimeric, hundred-molecular, etc.) as given by the ratio of 
the number of monomeric or original molecules initially presemt to 
the total number of molecules present after reaction has occurred. 

If in this formula x is very large, the second term disappears and 
we have p = 2//, an expression that tells at what degree of reaction 
the molecular weight will become infinite.f When two different 
molecules of different degrees of functionality interact, the situation 
is more complicated, but the formula can often be usefully applied 
to determine the limits of intermolecular reaction. J 

Types of Polymeride. —lluring the last few years Carothers has 
extended his work on the interaction of dibasic acids and glycols 
(^.e., polyesterification) to include the formation of (1) linear 

»» W. H. Carothers, J. Amer. Chem. Soc„ 1929, 51, 2548; A,, 1929, 1165. 

Ann. Reports, 1930, 27, 94. 

* Mioltiple-function compounds often do not exercise all their functions 
at once. 

f For example, the limiting value of p for a tetrafunctional reaction will 
be at J; and since for the same reaction p — 49-5% at that point where 
a? ~ 100, it follows that the average molecular weight can suddenly change 
from a moderate value to a colossal value with very little change in the degree 
of reaction; moreover, so far as the utility of the formula is concerned, it 
is unimportant whether the transition in properties occurs at a molecular 
weight of 10® or 10^®. 

J Thus in the reaction of glycerol with phthaUc anhydride (glyptal resins) 
the maximum amoimt of reaction mider any distribution of combinations 
which can take place before gelation (a; = oo) sets in is 83*3% (compare G. 
Bozza, Qiom. Ohim. ind. appL, 1932, 14, 400; B., 1932, 1040), whereas 
the minimum degree of reaction compatible with gelation is 66-7%. Ex¬ 
perimental values for the extent of reaction at gelation generally lie between 
76% and 80% (G. Bozza, loc. cit. ; R. H, Kienle and A. G, Hovey, J. Amer, 
ahem. Soc.y 1929, 61, 609; B,, 1929, 293). 
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polymeric anhydrideB of adipic,sebacic,^^ and other acids,and 
also Friedel-Crafts derivatives of these,(2) linear polymeric amides 
from €-aminohexoic acid,^^ (3) linear ^^^perpolyesters from dibasic 
acids and glycols and also from co-hydroxydecoic acid,^® (4) linear 
^i^perpolyamides and mixed polyester-polyamides,^^ (5) linear 

.m^erpolyanhydrides,^2 (g) polyalcohols from decamethylene bis- 
(magnesinm bromide),^® (7) polyesters from co-hydroxydecoic 
acid,^® (8) polymeric e-hexolactone,^ (9) polyformals and sujjer- 
polyformals,®^ (10) poly decamethylene oxide, and macrocyclic 
esters. 

The open-chain polyesters from dibasic acids and glycols are 
microcrystalline solids of molecular weight 800—5000 : these are 
readily soluble in suitable solvents, their solutions are not highly 
viscous, and they show no signs of inherent colloidal behaviour. 
Carothers designates the linear esters of this molecular magnitude 
a-polyesters. The successive intermolecular couplings which con¬ 
stitute polyesterification are liable to reversal, and at equilibrium 
an exceedingly large number of entities are involved. The equi¬ 
librium can be displaced by the removal of the liberated water, 
and the more complete the reaction the longer are the molecules 
of the polyester. Limitation of polyesterification by ring formation 
does not normally occur. 

The limit of polyesterification attained by heating the reactants 
under reduced pressure (with provision for the removal of the 
eliminated water) is reached at a molecular weight of about 5000, 
and progress beyond this point is only attained by very prolonged 
heating of the a-forms in a molecular still. The products so obtained 
have molecular weights of over 10,000 (probably in the neighbour¬ 
hood of 20,000) and have been designated ^i^perpolyesters or o-forms 

W. H. Carothers, J. Amer. Chem. Soc., 1930, 62, 3470; A., 1930, 1272; 
J. W. Hill, ibid,, p. 4110; A., 1930, 1658. 

^2 J. W. Hill and W. H. Caiothers, ibid,, 1932, 64, 1569; A., 1932, 601. 

^3 W. H. Carothers and J. A. Arvin, ibid., 1929, 61, 2560; A., 1929, 1165; 
W. H. Carothers, J. A. Arvin, and G. L. Borough, ibid., 1930, 62, 3292; A., 
1930, 1272; W. H. Carothers and G. L. Borough, ibid,, p. 711; A., 1930, 
452; W. H. Carothers and F. J. Van Natta, ibid., p. 314; A., 1930, 319. 

J. W. Hill, ibid., 1932, 64, 4105; A., 1932, 1233. 

W. H. Carothers and G. 0. Berchet, ibid., 1930, 62, 5289; A., 1931, 206 

W. H. Carothers and J. W. Hill, ibid., 1932, 64, 1559; A., 1932, 601. 

Idem, ibid., p. 1666; A., 1932, 601. 

W. H. Carothers and J. E. Kirby, ibid., p. 1588; A., 1932, 601. 

W. H. Carothers and F. J. Van Natta, ibid., 1933, 66, 4714; A., 1934, 56. 

F. J. Van Natta, J. W. Hill, and W. H. Carothers, ibid., 1934, 56, 456; 
A., 1934, 392. 

J. W. HUl and W. H. Carothers. ibid., 1935, 67, 925; A., 844. 

J. W. Hill, ibid., p. 1131; A., 1104.. 

E. W. Bpanagel and W. H. Carothers, ibid., p. 929; A,, 844. 
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of polyesterB. They are substances of great interest, swelling in 
solvents, but dissolving only very slowly with formation of highly 
viscous solutions. 

IVom €-aminohexoic acid, by heating above its melting point, 
polyamides of the polymeric series 

•m-[CH2]5-CO-NH-[CH2]5-CO-NH-[CH2]5-CO- 
are formed. These have a molecular weight of at least 1000 
(probably actually about 3000) and from them, by further prolonged 
heating in a molecular still, ^tfperpolyamides can be obtained. 
By heating together trimethylene glycol, suberic acid, and €*amino- 
hexoic acid, a mixed polyester-polyamide has been obtained and this 
in turn has been converted into a ^t^perpolyester-polyamide. 

The importance attaching to the super- or co-compounds of the 
polyester, polyamide, and polyester-polyamide classes arises from 
the ability of these polymerides to furnish strong, pliable, highly 
oriented fibres. This property is discussed in an interesting paper 
by W. H. Carothers and J. W. Hill.^^ The fibres from such super- 
polyesters as have been examined, although otherwise suitable for 
employment as synthetic silk, suffer from the defect of low melting 
point and a considerable degree of solubility in organic solvents. 
On the other hand the above-mentioned polyamide is too infusible 
and insoluble to permit of a satisfactory tost of its ability to furnish 
fibres. Intermediate, however, in physical properties between the 
polyesters and the polyamide is the mixed polyester-polyamide : 
the fibres of this substance are strong, pliable, and highly oriented 
and closely simulate natural silk and cellulose fibres, and also 
resemble cellulose and silk in the essential details of their molecular 
structure.* Unlike cellulose and rubber, which are extremely 
sensitive to degradation by heat, the synthetic linear polyesters 
(which are formed at 200—250°) are resistant to heat. The con¬ 
stitutive analogies represented by the following are of interest: 

( 1 .) 

Celltdoae (polyacetal) 

J. Amer. Chem. Soc., 1932, 64, 1679; A., 1932, 601. 

* For Carothers and Hill’s view of the physical constitution of a perfectly 
oriented fibre and the molecular weights (or lengths) at which fibre-strength, 
pliability, and capacity for cold-drawing appear in useful degree, see the 
original paper (loc. ciL). Besides length of molecule, good crystallising 
capacity and therefore good orientation are held to be desirable features in 
obtaining strength and pliability. Three-dimensional polymerides, including 
glyptal resins, are by their structure likely to be tmsuited for fibre orientation, 
and on test have yielded only fragile (although lustrous) threads with no 
sign of orientation. 
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(11) •NH-R-CO-NH*R'-CO*NH*R*(X>'NH-R'*CO- 

Silk (polyamide) 

•O-R-CO-O-R-CO-O-R-CO- -O-R-O-CO-R'-CO-O-R-O-CO-R'-CO- 

Polyester (from hydroxy-acid) Polyester (from dibasic acid and glycol) 

(in.) (IV.) 

•0-R-C0-NH-R'-C0-NH*R'-C0-0-R-C0* -O-CO-R-CO-O-CO-R-CO^ 

Mixed polyester-polyamide Poly anhydride 

(V.) (VI.) 

Resins .—^The principles of condensation-polymerisation as 
described by W. H. Carothers appear from the work of G. Walter 
to apply to the formation of urea-formaldehyde resins. Resins 
are generally mixtures of mutually soluble components possessing 
related structures : these components may differ in one or all of 
three characteristics, viz., analytical composition, molecular struc¬ 
ture, and molecular size. The majority of urea-formaldehyde 
resins differ in all three characteristics owing, first, to the different 
behaviour of the primary products of condensation obtained from 
urea and formaldehyde at different relative concentrations and under 
different conditions, and, secondly, to the different possibilities of 
further condensation (or polymerisation) which those primary 
products (or their immediate derivatives) present. 

The only primary products are stated to be mono- 
methylol urea, HO*CH2’NIi*CO*NH2, and dimethylol urea, 
HO’CHg'NH'CO’NH’CHg’OH: all other products of the reaction 
can be traced back to them. The probable nature of the com¬ 
ponents of the resins has been deduced by Walter, and the 
latter are represented as ranging from methylol-methylene-urea, 

through open-chain and ring-compounds 


HO*CHa-NH-CO*NH*CHa*N(CHj-OH)*CO-NH*CHjj*N(CHa-OH)'CO-NH-CHj- 

(A) 

' /CHjv /CHa-- 

< >N-CO-N<; >N-CO*N< 


(B) —CH*]jJ-CO*N-CO*N^^^ 


CK/ 


X.. 







CH, 


H 


CO*N-CHa-N*CO-N-CHa-N*CO-^ 
OBEa 


Trans, Faraday Soc,, 1936, 32, 377; compare G. Walter and M. 
Gewing. Kolloidchem. Beih., 1931, 34, 163; A., 1932, 156; T. Scheiber and 
K. Sandig, “ Die kiinstlichen Harze.” 

♦ For views regarding the internal structure of resins euid amorphous 
materials, see B. Houwink, Trans. Faraday Soc., 1936, 32, 123. 
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of the types (A) and (B) respectively, to three-dimensional networks 
such as (C). 

Somewhat similar basic reactivities account for the production 
of insoluble and infusible resins by condensation of arylsulphamides 
with formaldehyde.^® Resins of both linear and cyclic structure 
have been obtained from thiocarbamide, formaldehyde, and cuprous 
chloride.®’ 

An interesting t^ pe of multicondensation leading to linear chains 
of high molecular weight is that which occurs between organic 
dihalides whose molecules terminate in ‘CHgX groups and metallic 
polysulphides.®® Specific examples are the following : 

Ch[CH2]/Cl + M^S,—> -[CH2]2-S/[CHJ2-S/[CH,],-S,- 

Cl-[CH2]e-Cl + > ~[CH2]6-S,-[CH2]e-S.-[CH2]r/S,- 

ChC2H4-0*C2H4Cl + ^ ~€2H4-0*C2H4-S/C2H4-0-C2H4-S/- 

Many of the products, after acidification, arc elastic rubbery masses 
(thiokol resins), and the polymeride from sodium tetrasulphide 
(Na 2 S 4 ) and ethylene dichloride in particular possesses in good degree 
extensibility and reactivity, and undergoes a process superficially 
similar to the vulcanisation of rubber. The polymeric chain, in the 
latter instance, appears to contain only two atoms of sulphur per 
unit, the residual sulphur (capable of removal and restoration) 
being probably co-ordinately bound : 

S S 

US-CHg-CHg-S-S-CHg-CHg-S-S.CHg-CHg-SH 

s s 

The early work on phenol-formaldehyde condensations indicated 
that acidic condensations of phenols with formaldehyde generally 
lead to compounds of dihydroxydiarylmethane type, and that 
alkaline condensations produce phenolic alcohols. This knowledge 
was linked with the facts that acidic condensations often yield 
permanently fusible and soluble resins (novolaks), and that con¬ 
densations under alkaline conditions generally lead to heat-harden¬ 
ing resins bakelite type). N. J. L. Megson has studied the 
novolaks on the assumption that they are intermediates in the 
production of more complex resins and that in consequence a 
Imowledge of the constitution of the former would throw light on 
that of the latter. Baekeland and Bender had originally regarded 

G. Walter, Trans. Faraday Soc,, 1936, 32, 402. 

G. Walter and K. Oesterreich, Kolloidchem, Beih., 1931, 34, 115; A.j 
1931, 1398. 

Tram. Faraday <S'oc., 1936, 32, 347; see also J. R. Katz, ibid., p. 89. 

« Ibid., p. 336. 
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the novolaks as possessing a phenoxyhydroxymethane structure, but 
Megson brings evidence in favour of the following method of 
building up : 

oir.o lion CHjO 

R-OH —^ HO-R'-CHyOH-^ HO-R'-CHg-R'-OH —^ 

H 0 -R''CH 2 *R"( 0 H)-CH 2 ' 0 H, etc., 

or in general terms, 

aROH + (a:-l)CHoO—> HO-R'-CH2-LR''(OH)-CH2l:,_2-R'-OH 

'I’he novolaks are then considered to be complex mixtures of 
essentially linear polyinerides of different molecular weights, the 
complexity due to variation in chain length l^eing greatly increased 
by the manifest capacity for coupling to take place at both o- and 
^-positions of the phenol molecule; in such a mixture crystallisation 
of individuals woidd be difficult. Purely random o- and p-linking 
being assumed, a typical product would be constituted as in (A). 

OH OH OH 



In the formation of more infusible phenol-formaldehyde resins, 
R, Houwink pictures condensation as proceeding further to give 
three-dimensional molecules, as in (B), although in this repre¬ 



sentation no regularity in linking or pattern is intended. 

E, H. F. 

eo Tfons. Faraday Soc., 1936, 32, 125. 
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3. Cabbohydbatbs. 

General .—^Unabated interest in the chemistry of the carbohydrates 
continues, and the very large number of papers published serves to 
indicate the nature and importance of the numerous major problems 
which still await solution. In the present review it is possible to 
refer only to a small proportion of the published articles, and the 
discussion of many, of considerable interest, will be held over until 
the problems dealt with can be treated as a whole. 

Two methods have been used by E. Montgomery and C. S. 
Hudson ^ for the measurement of the initial rotation of p4-ara- 
binose, both of which give approx. [a]i> + 201*5® for the initial 
value in water. During the course of the work the highly purified 
p-form was obtained by very slow crystallisation of the sugar from 
pyridine or aqueous acetone. The mutarotation of arabinose has 
been studied also by C. N. Riiber and N. A. Sorensen who give 
+ 192® for the initial value and find that the mutarotation is not a 
unimolecular reaction. In this respect and also as regards molecidar 
solution volume and refraction p-Z-arabinose and a-d-galactose are 
closely similar, results which are readily understandable when the 
structural formulae of the two sugars are compared. The equili¬ 
brated solution of arabinose contains not only a- and p-Z-aralio- 
pyranose but also a third form, which has [aj^ 40® approx, and 
does not appear to be the aldehyde form. 

Glucose 2-benzoate, glucose 3-benzoate, and glucose 6-benzoate 
have been prepared in the course of investigations on the benzoyl 
derivatives of glucose : the last-named substance is identical with 
vacciniin, which occurs naturally in cranberries.^ Further progress 
has been made in the study of digitalose, the methylated methyl- 
pentose which occurs in digitalis glucosides. It has now been found 
that digitalose gives on oxidation a dibasic acid, which on methyl- 
ation yields methyl Z-trimethoxyglutarate. The earlier work oi 
Kiliani appeared to have limited the choice of formula for digitalose 



1 J. Amer. Ghent. Soc., 1934, 66, 2074; A., 1934, 1337. 

2 K. Norake Videnek. Selak. Skr., 1933, No. 7, 1; A., 1934, 1312. 

* P. Brigl and W. 2errweck, Z. physiol. Ghent., 1934, 229, 117; A., 1935, 
}99. 
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to four possibilities, but these new experiments reveal that none of 
these can be correct. It is now clear that the configuration of the 
second, third, and fourth carbon atoms must be represented by 
either (I) or (II), but the configuration of the fifth carbon atom has 
not been determined and choice has yet to be made among four 
possible formulas for digitalose.^ Cymarose, a methylated 6-deoxy- 
hexose occurring in strophanthin and other glucosides, gives rise on 
oxidation with nitric acid to a liydroxymethoxyglutaric acid which 
forms a lactone. The methoxy-group is therefore on the third 
carbon atom of the sugar chain and this result, taken in conjunction 
with the other properties of cymarose, renders it probable that this 
sugar is 3-methyl digitoxose having the structui*al formula (III).^ 

The natural colouring matter rutin (a glucoside of quercetin) 
yields on enzymic hydrolysis the disaccharide rutinose, which has 
been transformed into its p-hepta-acetate and the corresponding 
hexa-acetyl p-methylglycoside. The former substance is identical 
with the synthetic p-hepta-acetate of p-Z-rhamnosido-G-d-glucose 
and the latter with the synthetically prepared hexa-acetate of the 
P-methylglycoside of p-rhamnopyranosido-6-d-glucopyranose. The 
constitution of rutinose is therefore clear and it remains only to 
determine whether the glycosidic link in rutin is a or p.® 

The constitution of synthetic wsucrose has been investigated by 
the methylation method. The octamethyl derivative affords on 
hydrolysis tetramethyl glucopyranose and tetramethyl fructo- 
furanose. The constitution is thereby established and it follows 
that sucrose and isosucTosc differ only in the nature of the glycosidic 
links. 

Investigations into the chemistry of sugars with branched carbon 
chains have been continued by O. T. Schmidt and his collaborators.® 
The a- and the p-fructoheptonic acid obtained by Kiliani’s method 
when fructose is combined with hydrogen cyanide have been separated 
and examination of their properties indicates that the a-compound, 
the nitrile of which was obtained by Kiliani and Diill, is a-hydroxy- 
methyl gluconic acid and that p-fructoheptonic acid is a-hydroxy- 
methyl mannonic acid (IV). d-Xyloketose yields similarly 
a-hydroxymethyl lyxonic acid and a-hydroxymethyl xylonic acid. 
Experiments with Z-araboketose and d-araboketose yielded analogous 
products and it was observed that a-hydroxymethyl d-ribonic acid 

* O. T. Schmidt and H. Zeiser, J5er., 1934, 67, [B], 2127; A., 1935, 200. 

R. C. Elderfield, Science, 1935, 81, 440; A., 848. 

« G. Zempl^n and A. Gterecs, Ber., 1935, 68, [B], 1318; A., 1109. 

^ (Sir) J. C. Irvine and D. Routledge, J. Anier, Chem. Soc,, 1935, 57, 1411; 
A.. 1226. 

* O. T. Schmidt and C. C. Weber-Molster, Annalen, 1934, 516, 43, 65; 
A., 1935, 196; O. T. Sohmidt fwd K. Heintz, ibid,, p. 77; A., 1935, 196. 
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(from fi-araboketose) was identical with hamamelonic acid. The sugar 
hamamelose must be therefore an a-hydroxymethyl f^-ribose (V). 


9O2H 

HO—(jH-CHg-OH 
HO— 9 —H 
(IV.) H— 9 —0]l 
H~(^>-OH 
CH^-OH 


9HO 

HO-Cmg— 9 —OH 
H— 9 —OH 
H— 9 —OH 
CH.-OH 


(V.) 


On (‘vaporatioti in tlie presence of hydrochloric ac’id, (TV) gives an 
anhydrolactone in wJiich the anhydro-ring is extremely stable, 
whereas the cjorresponding hydroxymethyl gluconic a(ad does not 
give rise to an anhydro-compound. During the course of this 
work the authors examined the action of pyridine on various sugars 
and, contrary to the statements of previous workers,® found that 
both xyloketose and Jyxose were produced when xylose was heated 
with pyridine. The analysis of mixtures of ketopentoses and 
aldopentoses is complicated by the fact that the former as well as 
the latter are readily oxidised by iodine in the presence of potassium 
bicarbonate. 

The first example in the sugar series of a diketose has been pre¬ 
pared by F. Micheel and K. Horn,^® who transformed 1 : 6 -di-iodo- 
2:3:4: 5-dimethylene mannitol into the corresponding 1:2:5: b- 
diene (VI). The diene when oxidised by lead tetra-acetate gives 
the tetra-acetate (VII), which yields on gentle hydrolysis thi^ 


CH2 9H2-oac 

CH, CHg-OAe 

(VI.) (VII.) 


CHo'OAe CHo-OH 

9 (oh )2 90 

H- 9 -OH H-(yOH 

9 ( 0 H )2 90 

CHa-OAc CHg-OH 

’ (VIII.) (IX.) 


1 ; 6 -diacetate of 5-ketofructo8e (S-fructonose) in the form of its 
dihydrate (VIII). On removal of the acetyl groups by Zempl 6 n’s 
method 5-ketofructose (S-fructonose) (IX) is obtained. The 
diketose reduces Fehling’s solution instantly in the cold, forms 
crystalline phenylhydrazones and osazones, and possesses the 
remarkable property of being fermentable by yeast, a characteristic 
it shares exclusively in the monose series with the trioses d-glycer- 
aldehyde and dihydroxyacetone and with the naturally occurring 

• P. A.Levene and D. W. Hill, J. Biol. Chem., 1933, 102, 563; A., 1933, 
1278. 

“ AnnaUn, 1934, 616, 1; A., 1935, 200. 
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hexoses cZ-glucose,, c?-fructose, (Z-mannose, and d-galactose. The 
reasons underlying this behaviour are as yet little understood and 
the results of further investigations will be awaited with interest. 

The use of liquid ammonia as a reagent in sugar chemistry is 
being explored. For example, certain amides which cannot be 
obtained by the usual procedure are readily prepared by the action 
of liquid ammonia on the lactone of the acid.^^ The action of the 
reagent on free sugars is more complicated. L. Zechmeister and 
G. Toth have found that deacetylation of cellobiose octa-acetate 
can be effected by treatment with liquid ammonia at 50®, but the 
principal product consists of cellobiose residues linked together 
through a nitrogen atom. I. E. Muskat reports that carbo¬ 
hydrates containing free or potential aldehyde or ketone groups arc 
readily oxidised by iodine in liquid ammonia, the product formed 
from the aldose being the amide of the corresponding aldonic acid. 
The same author describes in detail the apparatus and methods by 
which the potassium derivatives of certain carbohydrates, e.r/., 
glucose diacetone, can be prepared by the action of the metal on the 
sugar derivative dissolved in liquid ammonia. The metallic atom 
can then be replaced, usually in good yield, by methyl, ethyl, etc., 
or, if the appropriate ac^d chloride is utilised, by acyl groups. 
The method may also be used in the preparation of derivatives such 
as tri(glucose diacetone) arsenite. 

Special interest is attached to the cyclic alcohols in view of the 
action of me^o-inositol as a growth-promoting factor in the Bios 
group. Nevertheless, little is known concerning the transformation 
of hexoses into the cyclic alcohols. The simple change by aldol 
condensation of the groups attached to and Cg, which may 
possibly take place in the living organism, cannot be brought about 
in vitro and a direct solution of the problem is yet to come. On 
this account the results recorded by F. Micheel, H. Ruhkopf, and 
F. Suckfiill are of particular interest. These authors have 
studied the action of acetic anhydride and zinc chloride on 6-iodo- 
2:3:4: 5-tetra-acetyl aldehydo-d-galactosc. The main product is 
hepta-acetyl aldehydo-rfi-galactose (the first example of its kind of 
this class of sugar derivative), giving on hydrolysis ^/-galactose. 
No simple explanation of the change is available. Direct racemis- 
ation and the series of changes involving reduction at and 
oxidation at Cg may be ruled out, and the authors consider it most 


J. W. E, Glattfeld and D. Macmillan, J. Amer, Chem. Soc., 1934, 56, 
2481; A., 1936, 72. 

Naturwias.y 1935, 28, 35; A., 330. 

13 J. Amer, Chem. Soc., 1934, 56, 2449; A., 1935, 6«. 

1* Ber., 1935, 68 , [B], 1623; A., 1226. 
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probable that the following changes are involved in which the 
re-opening of the ethylene oxide ring must necessarily yield 
derivatives of dK-galactose. 



It has long been suspected that osazones must possess some kind 
of ring structure, but no certain information has been available 
concerning the t 3 rpe of ring system or the number of rings involved. 
Progress towards the solution of this problem is forthcoming from 
a study of the methylation products of glucosazone. On treatment 
with methyl sulphate and alkali, glucosazone gives 5-methyl 
glucosazone and under more vigorous conditions a trimethyl 
derivative. Removal of the phenylhydrazine residues from the 
latter by hydrochloric acid yields 3:4:5-trimethyl glucosone. 
The latter is reduced to a trimethyl fructose, from which 
1:3:4:5-tetramethyl fructopyranose is obtainable. The tri¬ 
methyl fructose does not give rise to a methyKructofuranoside and 
in it, therefore, the hydroxyl attached to Cg is free whereas the 
hydroxyl on Cg is methylated. The facts 
cited are most readily interpreted on the 
basis of the structure shown in (X) for 
glucosazone, which appears to possess the 
ring system present in fructopyranose.^^ 
In this connexion the work of O. Diels and 
R. Meyer on anhydro-osazones may be 
cited.^® These authors find that under a 
variety of conditions, for instance, on boiling with alcohol con¬ 
taining some sulphuric acid, d-glucosazone is readily converted into 
3:6-anhydro-d-glucosazone. Anhydro-derivatives are similarly 
obtainable from galactosazone, lactosazone, and maltosazone, and 



(Mrs.) E. E. Percival and E. O. V. Percival, J., 1935, 1398. The open- 
chain structure is supported by L. L. Engels (J, Am&t, Chem, 8oc., 1935, 
57, 2419), who compares the absorption spectra of various osibiaoneB. 

Annalen, 1935, 619, 167; A., 1226. 
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since these anhydro-substances have well-defined melting points 
they are very suitable for identification purposes. 

Investigation of the action of barium hypobromite on glucose 
has revealed that the main product is not 2-ketogluconic acid, as 
was claimed by F. Honig and M. Tempus,^"^ but consists chiefly of 
^sorburonic acid (5-keto-d-gluconic acid), only traces of the former 
substance being produced.^® The strongly reducing substance 
found when the electrolytic oxidation of glucose by nascent bromine 
is unduly prolonged has now been identified as 5-ketogluconic acid, 
the attack on the secondary alcoholic group at Cg being of special 
interest in view of the known tendency of certain biological 
oxidations to proceed easily at 

Although all the sixteen possible aldohexoses have now been 
obtained (see last year’s Report) it appears that the dibasic acid 


H H H H 


corresponding to allose (HOgC—C-C-C 6 —COgH) is not yet 

OH OH OH OH 


known. The inactive dibasic acid which Fischer obtained by 
epimerisation of mucic acid and which was considered by him to 
be aZZo-niucic acid has been shown by T. Posternak to be an 
equimolecular mixture of d- and ^talomucic acid, produced by 
epimerisation at one only of the a-C atoms of mucic acid. 


Condensation of Sugars with Carbonyl Compounds. 

The acetone compounds of the sugars are being increasingly 
employed as a means of achieving the preparation of partly sub¬ 
stituted derivatives (acetates, benzoates, methyl ethers, and others), 
which in turn are required for syntheses of various types. More¬ 
over, the analogous condensation products of the sugars with 
benzaldehyde, furfuraldehyde, and paraldehyde are being sub¬ 
mitted to closer study for a similar reason. 

It would seem that condensation of acetone with monosaccharides 
usually, but not always, involves ce^-hydroxyl groups at contiguous 
carbon atoms. Further, in the condensation of acetone with the 
free sugar, a readjustment of the pyranose to the furanose form will 
occur when such a transformation makes available two ci^-hydroxyl 
groups. Thus, d-galactopyranose (XI) and d-fructopyranose (XII) 
both form diacetone derivatives in which the pyranose ring is 

Ber., 1924, 67, [Bl 787; A., 1924, i, 712. 

T. Reichstein and O. Neracher, Helv. Chiin. Acta, 1935, 18, 892; A., 

1107. 

E. W. Cook and R. T. Major, J. Amer. Chem. Soc., 1936, 67, 773; A., 

732. 

w NeUurwias., 1936, 28, 287; A., 846. 
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retained, the itd’opropylidene groups being attached at contiguous 
carbon atoms with cis-hydroxyl groups, namely, at 1 :2-3 : 4 in 
the case of galactose and at 1 : 2-4 : 5 or at 2 : 3-4 : 5 in the 
case of fructose. d-Glucop^^ranose (XIII) and d-mannopyranose 
(XIV) do not have available two pairs of m-hydroxyl groups 
and in these cases the diacetone compounds formed are furanose 
derivatives, namely, 1 : 2-5 : G-ditsopropylidene d-glucofuranose and 


CHo-OB 

HO 1_Jo.H(OH) 

i<l- _->i 

H I - 1 OH(H) 

H OH 


(XL) 

CHo-OH O- 

H |_5 H(OH) I 
\A % Me^C 

IxULXl 


HO 


H H 


OH(H) 


(XIV.) 


H l_o, C«2-0H 
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(XIL) 

-CH, 
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“ OH 


H 

|< 

O 




Mo 20 < 
OMe 


H H 


(XV.) 


GHj-OH 

H |_o H(OH) 

|\^OH H^j 

HO i-1 OH(H) 

H OH 

(XIII.) 

O-CH/^V OMe(H) 

I/' \| 

H I I H(OMe) 
H H 

(XVI.) 


2 : 3-5 : 6-dii5opropylidene d-mannofuranose. It has recently been 
shown that d-talose condenses with acetone in a manner entirely 
analogous to that of mannose.When such ring-change in 
glucose is precluded by the conditions of the experiment (as, for 
instance, when the methylglucopyranoside is used instead of the 
free sugar), no condensation takes place, but that this is not an 
invariable rule is shown by the fact that a diacetone derivative can 
be formed from either a- or p-methylmannop3Taiioside.22 When 
a-methylmannopyranoside is treated with acetone (free from methyl 
alcohol) in the presence of hydrogen chloride, there is formed 
2 : 3-4 : 6-diisopropylidene a-methylmannopyranoside (XV) together 
with some 2 :3-i6(opropylidene a-methylmannopyranoside. It is 
further observed that, if the acetone contains methyl alcohol, 
hydrolysis of the glucosidic group becomes possible and ring-change 
occurs with the production of a mixture containing 2 : 3-5 : 6-di/.5#o- 
propyhdene methylmannofuranoside (XVI). In the latter case, 
all the conditions which are well recognised as establishing ring- 
change are present, inasmuch as the general method of introducing 
ring-shift is to mix a sugar or its glycoside with methyl alcohol in 
the presence of hydrogen chloride. Under these conditions an 
equilibrium mixture of a- and p-forms of pyranoside and furanosido 
is produced.” 

W. Bosshard, Helv, Ghim. Acta, 1935, 18, 482; A., 134:. 

28 R. G. Ault, W. V. Haworth, and E. L. Hirst, J., 1936, 1012; A., 1108. 
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Talcing a broad view, it would seem that acetone condenses 
more easily with a^-hydroxyl groups on contiguous carbon atoms. 
But that it is not entirely a matter of the spatial arrangement of 
such groups is clear when it is realised that several forms, both 
CIS and trans, of the pyranose ring are possible in which the hydroxyl 
groups at C 4 and Cq are brought into such spatial proximity as to 
be equivalent to a pair of c^^j-hydroxy] groups. We have seen that 
acetone can condense in the case of a-methyl raannoside with two 
such hydroxy] groups which are not attached to contiguous carbon 
atoms, and earlier examples of the same phenomenon ai‘e pi*esented 
by 1 : 2-3 : 5-dre<?opropylidene xylofuranose,'^'^ 1 : 2-3 : r>-(li/,sopro- 
pylidene glucofuranose (^ 5 odiacetone-glueose),‘^^ and 2 : 3-4 : (>-di- 
/'.^opropylidene Z-sorbofuranose.“^ 

In contradistinction to the normal course of acetone condensation, 
we find that with aldehydes the substituted methylene ether most 
readily formed is that with a six-membered ring, and not the five- 
membered ring involving contiguous carbon atoms. Thus, the 
condensation of benzaldehyde with glucose yields 4: 0 -mono- 
benzylidene glucopyranose (XVII).Moreover, benzaldehyde, 
unlike acetone, will condense with a- and p-methylglucopyranosides 
to give the corresponding 4 : 6 -benzylidene methylglucosides. 
Although condensation of benzaldehyde with glucose does not 
facilitate a rearrangement to the furanose form, the aldehyde will 
condense with glucose derivatives in which the furanose ring is 
preformed; ejj., with 1 : 2 -i.sopropylidene glucofuranose there are 
obtained two products according to the conditions of the experi¬ 
ment, namely, 1 : 2 -i 5 opropylidene 3 : 5-benzylidene glucofuranose 
(XVIII) and 1 : 2 -z 5 opropylidene 5 : 6 -benzylidene glucofuranose 
(XIX).The first is formed exclusively when the conditions are 
mild, a higher temperature being necessary for the formation of 
(XIX). The free terminal group in the 3 : 5-benzylidene compound 
(XVIII) is easily oxidised to carboxyl, and the compound is therefore 
valuable as a source of glycuronic acid.®® It is to be noted that 
galacturonic and mannuronic acids may be similarly prepared from 

*3 W. N. Haworth and C. R. Porter, */., 1928, 611; A., 1928, 509. 

H. Ohle and L. von Vargha, Ber., 1929, 62, [R], 2425; A., 1929, 1279. 

T. Reichstein and A. Griissner, Helv. Chirn, Acta, 1934, 17, 311; A., 
1934, 511. 

L. Zervas, Ber„ 1931, 64, 2289; A., 1931, 1275. 

K. Freudenberg, H. Toepffer, and C. C. Anderson, Ber., 1928, 61, 1750; 
A., 1928, 1223; H. Ohio and K. Spencker, ibid,, p. 2387; A., 1929, 50. 

P. Brigl and H. Griiner, Ber., 1932, 65. [B], 1428; A,, 1932, 1115. 

P. A. Levene and G. M. Meyer, J. Biol. CJmn., 1923, 57, 319; A., 1924, 
i, 14; P. A. Levene and A. L. Raymond, Ber., 1933, 66, [J?], 384; A., 1933, 
378. 

L. Zervas and P. Seasler, Ber., 1933, 66, [B], 1326; A., 1933, 1143. 
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(XVII.) (XVIII.) (XIX.) 

3 : 4-dii,sopropylidene a-methylgalactopyranoside and 2 : 3-di- 
?*5opropylidene a-metliylmannopyranoside respectively,^^ and 
2 : 3-4 : 6 -dii 5 opropylidene Z-sorbose has been employed for the 
preparation of 2 -ketogulonic acid.^® 

In the few cases in which it has been studied, it would appear that 
acetaldehyde more nearly resembles benzaldehyde than it does 
acetone in its condensation with the sugars. For instance, it con¬ 
denses with glucopyranoae without inducing a change to furanose, 
to give 4: 6 -ethylidene a-^Z-glucopyranose,®^ analogous to the 
4: 6 -benzylidene compound. Nevertheless, acetaldehyde, like 
benzaldehyde, is capable of condensing at contiguous carbon atoms 
to form a five-membered methylene ether ring, a fact that is illus¬ 
trated by the existence of triethylidene sorbitol.^^ Both this sub¬ 
stance and 2 :4-benzylidene sorbitol have been utilised for the 
preparation of Z-xylose. It is of interest to note also that ethylidene 
in 2 : 3-dimethyl 4 : G-ethylidene P-methylgliicopyranoside may be 
completely replaced by benzylideno by treatment with benzaldehyde 
in the presence of zinc cliloride.^'^ Yet another aldehyde has 
recently been shown to condense to give primarily a six-membered 
methylene ether ring. This is furfuraldehyde, which reacts with 
a-methylglucopyranoside to form the 4: 6 -monofurfurylidene 
derivative and with the corresponding mannoside to give 
2 : 3-4 : 6 -difurfurylidene a-metbylmannopyranoside.®^ 

AnhydrO’Sugars and the Walden Inversion in the Sugar Group. 

Considerable progress has been made in the past year in the 
elucidation of the problems connected with the formation and 
hydrolysis of p-toluenesulphonyl derivatives of the sugars. The 
alkaline hydrolysis of a p-toluenesulphonyl sugar ester leads, when 
a second hydr 0 x 3 d group is available in the molecule, to the form¬ 
ation of an anhydro-ring, which may then be ruptured by further 
and more drastic treatment with alkali, with sodium methoxide, 

R. G. Ault, W. N. Haworth, and E. L. Hirst, */., 1935, 517; A., 732. 

•»- B. Helferich and H. Appel, i?er., 1931. 64, [B], 1841; A,, 1931, 1038. 

« H. Appel, J., 1935, 425; A., 1935, 734. 

L. von Vargha, Her., 1935, 68, [B], 18, 1377; A., 335, 1104. 
as H. Bredereck, ibid,, p, 777 ; A., 847, 
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or, in a few cases, with acid. A study of the products of such 
reactions indicates that both the formation of the anhydro-ring 
from the p-toluenesulphonyl compound and the rupture of that 
ring by alkali are usually each accompanied by a Walden inversion. 
The following examples illustrate this thesis. 2-Benzoyl-3-^- 
toluenesulphonyl 4 : 6 -benzylidene a-mothyl-d-glucopyranoside is 
converted by sodium methoxide into 4 : 6 -benzylidene 2 : 3 -anhydro- 
a-methyl-d-allopyranoside (inversion at C3), and further action of 
sodium methoxide on the latter compound opens the anhydro-ring 
with the formation of a derivative of d-altrose (inversion at C2). 
Similarly, the corresponding 3 -benzoyl- 2 -p-toluene 8 ulphonyl com¬ 
pound yields a 2 : 3 -anhydro-d-mannoside (inversion at Cg) and 
then a derivative of d-altrose (inversion at Cg).^® Again, S-jJ-toluene- 
sulphonyl 1 :2-25opropylidene d-fructopyranose (XXII) with 
aqueous-alcoholic sodium hydroxide gives I : 2 -i 5 opropylidene 
3 : 4-anhydro-d-psicose (XXIIl) (inversion at C3) and the anhydro- 
ring of the latter is opened by sodium methoxide to form a derivative 
of d-sorbose (XXIV) (inversion at C 4 ).®’ 2 :3-Dibenzoyl-4-p- 
toluenesulphonyl 6 -triphenylmethyl a-methyl-d-glucopyranoside, 
treated with alkaU, gives a 3 : 4-anhydro-6-triphenylmethyl a-methyl- 
<f-galactoside (inversion at C4), which is hydrolysed by dry hydrogen 
chloride in acetone to give derivatives of d-guloso (inversion at C3) 
and of (i-galactose (no inversion).®® A similar series of changes 
appears to occur when 2 : 3 : 6 -triacetyl 4 -p-toluenesulphonyl 
p-methyl-d-glucopyranoside is used.®® The 3: 4 -anhydro-sugar 
formed is most probably a d-galactose derivative (inversion at C4) 
and the ethylene-oxide ring of the latter opens with sulphuric acid 
to give derivatives of d-gulose (inversion at C 3 ). No trace of 
galactose could, in this case, be detected, but the rf-gulose was 
accompanied by derivatives of d-glucose, which implies opening of 
the ring with inversion at C4. A similar phenomenon is observed 
in the case of fructose referred to above. If the 1 : 2 -isopropylidene 
3 : 4-anhydro-d-psicose is treated with sodium hydroxide instead of 
sodium methoxide, then, among the products, although not the 
chief product, derivatives of d-fructose may be detected, which 
means that Walden inversion has occurred at C3 when the ethylene- 
oxide ring opens. In 6 -p-toluenesulphonyl 1 : 2 -^«opropyiidene 
d-glucofuranose, the ^-toluenesulphonyl group is of course not 
attached to an asymmetric carbon atom, so we find that treatment 
of this compound with sodium methoxide gives 5 : 6 -anhydro- 

G. J. Robertson and C. F. Griffith, J., 1935, 1193; A., 1225, 

H. Ohle and F. Just, Rer., 1935, 68, [R], 601; A., 736. 

®® J. W. H. Oldham and G. J. Robertson, J., 1936, 686; A,, 963. 

A. MOUer, Rer., 1936, 08, [R], 1094; A,, 964. 
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1 : 2 -t^propylidene d-glucofuranose (no inversion).^® This 
5: 6 -anhydro-g]ucose is much more labile than 3: 6 -anhydro- 
glucose; it is hydrolyvsed, for instance, by acid to give glucose. 
Heated v ith dilute alkali, it gives a mixture of 1 : 2 -t 50 propylidene 
d-glucose (no inversion) and 1 : 2-i9opropylidene Z-idose (inversion 
at Cg). 

We see from these examples that alkaline hydrolysis of a 
p-toluenesulphonat(^ leads first to the formation of an ethylene- 
oxide ring when a hydroxyl group on the vicinal carbon atom is 
available and that this ring formation is accompanied by a Walden 
inversion at the carbon atom to which the ^-toluenesulphonyl 
radical was originally attached. Further alkali and sometimes acid 
treatment of this anhydro-sugar opens the ethylene-oxide ring, 
such opening being accompanied by Walden inversion at one or 
other of the carbon atoms involved or at both. It is not yet possible 
to say whether anhydro-ring formation is a necessary concomitant 
of Walden inversion or whether simple hydrolysis of the toluene- 
sulphonyl group is sufficient to induce inversion. That anhydro- 
ring formation may be a necessary precursor of inversion is suggested 
by such facts as the hydrolysis of S-^-toluenesulphonyl diacetone 
glucose quantitatively to diacetone glucose and of 4-^-toluenG- 
sulphonyl 6 -triphenylmethyl 2 : 3-dimethyl a-mcthylglucoside; in 
neither case does inversion occurOn the other hand, the claim 
is made that certain ^-toluenesulphonyl derivatives undergo hydro¬ 
lysis without ring formation but with inversion. For instance, 
5-^-toluenesulphonyl-2 : 3-i.sopropylidene methyl-Z-rhamnofuranos- 
ide is hydrolysed by alkali to give 2 ; 3 -i 5 opropylidene 6 -deoxy 
methyl-d-gulofuranoside (inversion at C 5 ) and 4-p-toluenesulphonyl 

2 : 3 -wpropylidene methyl-Z-rhamnopyranoside gives 2 : *34so- 
propylidene 6 -deoxy methyl-Z-talopyranoside (inversion at 

In both these cases the possibility of ring formation is excluded. 
The facts of this inversion are, however, disputed by P. A. Levene 
and J. Compton,inasmuch as the properties of 6 -deoxy-d-gulose 
synthesised by Kiliani’s cyanohydrin method are at variance with 
those of the substance prepared from Z-rhamnose. It would seem, 
in the circumstances, that until further experimental evidence is 
available it cannot be said that there is a clear case in the sugar series 
of inversion accompanying alkaline hydrolysis of a jp-toluene- 
sulphonyl group without anhydro-ring formation. 

It would appear, from the examples quoted, that when sodium 
methoxide is employed in the opening of an anhydro-ring, partial 

H. Ohle and L. von Vargha, Ber., 1929, 62, [B], 2435; A,, 1929, 1279. 

I. E. Muskat, J. Amer. Chem, Svc., 1934, 66, 2G53; A.y 1935, 199. 

« 1935. 67, 777; A., 734; I, E. Muskat, ibid,, p. 778; A„ 734. 
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methylation occurs, the methoxyl group attaching itself to the 
carbon atom at which inversion occurs.^® If we take into account 
this fact together with the knowledge that the mode of alkaline 
hydrolysis of a sulphonic ester is represented rather by (XX) than 
by (XXI),'^^ a tentative suggestion as to the mechanism of inversion 


(XX,) 


R-SOo—O-i 


■R' 


R-SOd 


“0"“R' 


(XXL) 


may be made, taking as an example the conversion of ^Z-fructose 
into d-sorbose referred to previously.^^ (In the formulae, Ts = 
p-toluenesulphonyl.) 


H 

^ I— 

(XXTT.) l/i ^\| \CMe2 Naoir 

VH TiO> ' 

Lni_K 


HO I-1 CH,-0 

OH H 


-> 


H + 

*\ vp 
O H 


+ TsOH 


H 

H !_n. 

K?_? 

HO X/ CHj-O 

(a)' 0 ( 6 ) 

(XXIII.) 


!Me2 NaO^ 


H 

H . 

4 H i 

\ 

'N 

-|/ 

^ la 

* 


r 

OMo- lV“ 

H 


0 1 

HO f 


H 


0 \ 


CHg-O 


(XXIV.) 


The bond which breaks under the influence of sodium methoxide 
is that marked (u) in (XXIII); if it is the bond ( 6 ) which breaks, 
then (XXV) should be regenerated and a derivative of d-fructose 
produced. In actual fact a d-fructose derivative has been detected 
among the products of hydrolysis of (XXIII) with aqueous-alcoholic 
sodium hydroxide.^^ 

In most of the examples cited, the anhydro-ring formed is ethylene- 
oxidic'; in many cases this is due to the fact that the only available 
hydroxyl group is that contiguous to the ^-toluenesulphonyl group. 
Nevertheless, it certainly appears that the three-membered anhydro- 
ring may be formed more readily than a four- or a five-membered 
ring. In the conversion, for instance, of fructose (XXII) into 
anhydro-psicose (XXIII), two hydroxyl groups are available, 
namely, on C 4 and C 5 , for anhydride formation when the toluene- 
sulphonyl group at C 3 is hydrolysed. The oxygen link, however, is 
formed between C 3 and C 4 and not between C 3 and C 5 . Again, we 
have seen that the alkaHne hydrolysis of 6 -p-toluenesulphonyl 
1 : 2 -Z 5 opropylidene d-glucofuranose, in which there are unsub¬ 
stituted hydroxyl groups at C 3 and C 5 , gives rise to an ethylene- 
J. Ferns and A. Lapworth, J., 1912, 101, 273. 
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oxide bridge at positions 5 r 6 and not to the more stable five- 
membered ring at positions 3 : 6. The 3 : 6-anhydro-ring is only 
formed when the hydroxyl group at Cg is protected as in 6 :6-di- 
^-toluenesulphonyl 1: 2-i5opropylidene d-gliicofuranose. Only the 
p-toluenesulphonyl group at Cg is removed under the usual con¬ 
ditions of alkaline hydrolysis and the product obtained is 5-p-toluene- 
sulphonyl 1 : 2-t5opropylidene 3 : G-anhydro-^Z-glucofuranose,^^ It 
should be noted, however, that, once formed, the 3 : 6-anhydro-ring 
is more stable to acid and alkaline reagents than is the 5 : 6-com¬ 
pound. An interesting example of a five-membered anhydro-ring 
is found in the anhydride formed by the alkaline hydrolysis of 
4-p-toluenesulphonyl 2:3:6 -trimethyl rf-glucopyranose. It is 
claimed that this 2:3: 6-trimethyl 1 :4-anhydro-hexoso gives on 
acid hydrolysis a derivative of Z-idose, indicating that at some 
stage Walden inversion has occurred, imexpectedly, at On 

the other hand, the 2:3: 6-trimethyl 1 : 4-anhydroglucose prepared 
by K. Freudenberg and E, Braun is hydrolysed by acids with 
formation of 2 : 3 : 6-trimethyl glucose, the latter being unaccom¬ 
panied by derivatives of idose. 

In concluding this section, reference should be made to the use 
of aluminium chloride in inducing Walden inversion in the sugar 
series,**® Tlie effect of this reagent in phosphorus pentachloride on 
lactose octa-acetate is to produce a disaccharide, neolactose, from 
which rf-altrose can be isolated; inversion has therefore occurred 
at C 2 and Cg in the glucose moiety. Discrepancies in the published 
specific rotations of altrose are ascribed to anhydride formation, 
induced by acids. 


Polysaccharides, 

Cellulose ,—^Many papers have appeared in connection with the 
molecular weight of cellulose and its derivatives. Two of these are 
concerned with problems of general interest and may be referred to 
at the beginning of this section. The first is a general review of 
the chemistry of highly polymerised compounds contributed by 
H. Staudinger,^® and the second is a discussion of the meaning of 
‘‘ molecular ” (particle) weights of macromolecular substances as 

« H. Ohle, L. von Vargha, and H. Erlbach, J5er., 1928, 61, 1211; A., 
1928, 871. 

*5 K. Hess and F. Neumann, Her., 1935, 68, [H], 1360; A,, 1109. 

Ibid,, p. 1988; A„ 1484. 

** Ann, Reports, 1926, 90. 

N. K. Richtmyer and C. S. Hudson, J, Amer, Ckem, Soc., 1935, 57, 
3716; A,, 1355. 

« Her., 1935, 68, [H], 1682; A„ 1319. 
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determined by different methods.^ If the molecules of the sub¬ 
stance under investigation are not all of the same size, it follows 
that the particle weight deduced from the usual physico-chemical 
measurements (a number average) will differ from that given by 
Staudinger’s viscosity method, which gives rather a weight average. 
Yet a third value, termed by the authors the Z-average, can be 
derived from ultracentrifuge data in addition to the other two. 
The results emphasise the power and importance of the ultra¬ 
centrifuge method and their application should give results of 
exceptional value. 

The possibility of break-down of the cellulose chain molecules 
when dissolved in Schweitzer’s reagent has been examined in 
detail.^ It is found that, if air and light are rigidly excluded, the 
cellulose can be recovered with properties unchanged. For ramie 
cellulose the mean degree of polymerisation determined by the 
viscosity method in Schweizer’s reagent is 900. The initial value 
is, however, 1300 and the reason for this decrease is not known. 
In addition, the precise interpretation of viscosity figures obtained 
in these circumstances is not altogether clear. It is certain, how¬ 
ever, from these results and others obtained both viscosimetrically 
and by osmotic pressure methods that the macromolecules of cellu¬ 
lose are exceedingly large.These conclusions are in agreement 
with the long-established chemical evidence concerning the structure 
of cellulose and it becomes all the more obvious that the very low 
molecular weights postulated by Hess and his collaborators are 
abnormal phenomena and are not capable of direct interpretation 
in terms of molecular weight. 

Starchy Starch DextrinSy and Qlycogen .—^The nature of the dis¬ 
tinction, physical or chemical, between the amylopectin and the 
amylose fractions of starch continues to excite attention. A 
primary difficulty in the way of an elucidation of this problem is 
one of definition, it being by no means certain that the various 
“ amylopectins ” (“ a-amyloses ”) or ‘‘ amyloses ” (“ p-amyloses ”) 
of different authors can be regarded as the same chemical entities. 
Samec’s differentiation of amylose and amylopectin on the basis of 

W. D. Lansing and E. O. Kraemer, J. Amer, Ckem, Soc,, 1936, 67, 1369; 
A.y 1073; E. O. ISraemer and W. D. Lansing, J, Physical Chem., 1936, 39, 
163; A., 688. 

H. Standinger, B. Ritzsenthaler, and (in part) S. £[autz, Ber., 1935, 68, 
[Bl 1226; A.y 966. 

H. Staudinger, ibid., p. 474; A,, 610; H. Standinger and H. Eilers, 
ibid.y p. 1611; A,, 1226; W. Herz, Gellulosechem,, 1934, 16, 96; .A., 1934, 
1339; B. Obogi and E. Broda, KoUmd-Z,, 1934, 69, 172; A., 1934, 1306; 
F. Klages, Annalen, 1935, 620, 71; A,, 1365; J. Marchlewska, Rocz, Chem,, 
1935, 16, 331; A,y 1062; H. Staudinger and G. V. Schulz, Ber., 1936, 68, 
[B], 2320, 2336. 
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electrophoretic separation would appear to ascribe to phosphoric 
acid a dominant r61e; amylopectin being then simply an amylose 
esterified with phosphoric acid. But this distinction cannot apply 
to amylopectins and amyloses prepared in other ways. By treat¬ 
ment with acid ethyl alcohol, potato starch loses entirely its amylo¬ 
pectin character and is converted into a typical amylose without 
any degradation of the chemical molecule, and the soluble amylose 
so produced contains the full complement of phosphorus present 
in the original starch.Similarly, a-amylodextrin, an inter¬ 
mediate product in tiie enzymic hydrolysis of starch, is found to 
contain the whole of the phosphorus of the starch, yet it })ossesses 
none of the swelling, gel-forming properties of amylopectin. This 
a-amylodextrin, examined by Haworth’s chemical method, is shown 
to possess a chain lengtli of some 17 glucose units conij)ared with 
the 26—20 units of undegnided starch, so the actual phosphorus 
content of the dextrin is nearly double that of potato starch. 
Further, two doxtrins have been prcpannl from potato starch by 
heating with glycerol and the molcfndes are found, again by the 
chemical method, to consist severally of 10 and 7 glucose units. 
Despite the fact that these short-chain dextrins still contain ])ho«- 
phorus, they possess none of the pro])erties of amylopectin, nor 
indeed do they even show the tendency to molecular aggregation 
displayed by a-amylodextrin. Finally, if it is to he assumed that 
esterification with y)hosphoric acid is the basis of the distinction 
between the two chief constituents of starch, it is very difficult 
to reconcile the amylopectin content of cereal starches with 
their phosphorus content, which is generally extremely small. 
Nevertheless, colloidal starch is negatively charged and this is 
ascribed to phosphoric acid present as a polysaccharide ester, 
amylophosphoric acid, which reacts as a dibasic acid.^^ Heated 
under pressure, the phosphoric ester is gradually hydrolysed and 
the starch loses its charge. In some starches, as in that of wheat, 
the conductivity of a solution is less than corresponds to the amount 
of phosphoric acid present; it is possible that this is due to the 
presence of basic nitrogen compounds. P. Koets shows that 
amylose in solution does not form coacervates with positively charged 
proteins until it has been esterified with phosphoric acid and 
suggests, on the basis of such observations, that amylopectin is 
probably a flocculated coacervate of amylophosphoric acid and 

D. K. Baird, W. N. Haworth, and E. L. Hirst, J., 1935, 1201; .4., 122G. 

W. N. Haworth, E. L. Hirst, and A. C. Waine, ibid., p. 1299; A., 1355. 

W. N. Haworth, E. L. Hirst, and (Miss) M. M. T. Plant, ibid., p. 1214; 
A., 1226. 

®® M. Samec, Trans. Faraday Soc., 1935, 31, 395; A., 301. 

®® Proc. K. Akad. Wetensch. Amsterdam, 1935, 88, 63; A., 446. 
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one or more proteins. It is interesting in this connection to note 
that myosin apparently forms well-defined compounds with starch, 
in which each molecule of myosin is united with one to ten or more 
molecules of the polysaccharide.®'^ There is a close similarity in 
physical properties between amylose which has retrograded and 
amylopectin as it occurs in whole starch. T. C. Taylor and S. G. 
Morris find that retrograded maize p-amylose (prepared, by 
freezing, from a clear dispersion of the soluble portion of maize 
starch) is readily dissolved by cold alkali and is not precipitated 
from that solution by cold dilute hydrochloric acid. In this way 
it is distinguished from maize a-amylose (amylopectin), which is 
also soluble in alkali but is quantitatively precipitated by acid. In 
maize starch, the a-amylose contains combined fatty acid (4*8%) 
and this amount is unchanged by solution in alkali and reprecipi¬ 
tation by acid. The suggestion is made that maize P-amylose 
consists probably of single chains of glucose units hydrated in 
solution and that “ retrogradation ’’ by freezing consists in the 
})artial dehydration of bundles of these chemical units. The j^rocess 
of retrogradation is, in part at least, reversible by prolonged 
boiling. A. F. Damansky,®® from a study of the acetylation 
])roducts, supports the view that potato starch as obtained by 
extraction is a mixture of Samec’s amylopectin and amylose, but 
regards the amylose as a degradation product of amylopectin; the 
starch exists in the root entirely as amylopectin. During the 
ti*ansformation of amylopectin into amylose a third hydroxyl 
group becomes reactive, but the author's suggestion that this 
change may be due to the fission of a link between glucose molecules 
is scarcely tenable in view of the results already quoted. Not only 
are the chemical molecules of the amylopectin and the amylose 
fractions of potato starch composed of the same number of glucose 
units, but it is found that the molecules of the starches of various 
c.ereals, as, for instance, maize starch and waxy maize starch, 
approximate in chain length to the same number of glucose units 
(26—30).»® 

In addition to the dextrin types mentioned above, reference 
should be made to a renewed investigation of the dextrins of Schar- 
dinger. Interest here centres on the nature of the end groups in 
these crystalline non-reducing oligosaccharides. The number of 
these dextrins is now increased to five and a study of their hydrolysis 

S. J. von Przylecki and R. Majmin, Biochein. 1934, 273, 262; A.<, 
1934, 1374. 

«« J. Amtr, Ohem. Soc,, 1935, 67. 1070; A., 966. 

« Ann, Chim., 1934, [xi], 2, 491; A., 1935, 70. 

W. N. Haworth, E. L. Hiret, and (Mrs.) M. D. Woolgar, J., 1935, 177; 
A., 477. 
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supports the view, qualitatively but not quantitatively, that the 
end groups possess an anhydride structure, possibly of the p-glucosan 
type.^i 

Investigation of the glycogen from the liver of certain fishes 
— Gadidce —indicates that this glycogen is very probably identical 
with that isolated from rabbit-liver. Methylation of the fish-liver 
glycogen affords a trimethyl glycogen apparently identical with that 
from rabbit-liver glycogen; both yield on hydrolysis similar amounts 
of tetramethyl glucopyranose, corresponding with 12 glucose units 
for the glycogen molecule.®^ 

Polysaccharides other than Cellulose^ Starchy and Olycogen ,—^The 
study of polysaccharides built up of chains of fructose units con¬ 
tinues to command attention. The problems involved in this 
group offer special difficulties in that the hydrolysis products fre¬ 
quently contain a certain proportion of aldose sugar and it is not 
always clear whether this aldose forms a constituent part of the 
polysaccharide molecule, is present as an extraneous impurity, or is 
formed from fructose during the operations involved in the course 
of hydrolysis. H, H. Schlubach and H. Schmidt have examined 
inulin from various sources and find slight differences in the rotatory 
power and rate of hydrolysis. Samples of inulin from Jerusalem 
artichoke, dahlia, and chicory give only a minute trace of aldose 
sugar on hydrolysis and before hydrolysis are almost non-reducing. 
In view of this the authors discuss the nature of the terminal 
reducing group in the chain in the light of the possibilities outlined 
by W. N. Haworth, E. L. Hirst, and E. Oliver in their discussion 
of the fine structure of xylan and other polysaccharides. At 
present, however, there appears to be no experimental evidence for 
the aggregation of the macromolecules of inulin, and recent exact 
measurements of the osmotic pressure of solutions of inulin acetate 
and methylated inulin by 8. R. Carter and B. Record give 
molecular weights in precise agreement with the value of 30—32 
fructofuranose units per molecule, determined by the chemical end- 
group method. Amongst other polysaccharides based on fructose 
reference may be made to levosin, which occurs in wheat flour, rye, 
bran, and stubble. This on hydrolysis appears to yield 1 molecule 
of glucose to 9 of fructose.®® On the other hand, graminin, obtained 

K. FTOudenberg and R. Jac'obi, Annalenj 1935, 518, 102; A,, 848. 

W. N. Haworth and E. G. V. Percival, J., 1932, 2277; A., 1932, 1022; 
D. J. Bell, Nature, 1935, 136, 184; A„ 1144; Biochem. J,, 1935, 29, 2031; 
A,, 1265. 

Annalen, 1935, 520, 43; A,, 1364. 

J., 1934, 1917; A., 1935, 201. 

Rep, Brit, Aseoc,, 1935; Nature, 1936, 136, 767. 

«« H. Colin and H. Belval, Bull, Soc, Ohim. hiol,, 1936, 17, 1040; A,, 1290. 
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by H. H. Schlubach and K. Koenig from rye, has a rate of 
hydrolysis similar to that of irisin and appears to be built up 
entirely of fructofuranosc units. Methyl graminin gives on gentle 
hydrolysis a trimethyl fruotofuranose (considered by the authors 
to be the 3:4: 6-derivative), 1:3:4: 6-tetramethyl fruotofuranose, 
and a dimethyl fructose. The three hydrolysis products are present 
approximately in the proportions 1:1:1 (or possibly 1 : 2 :2), 
the molecular v'eight of the free polysaccharide is low (approxi¬ 
mately 10 units), and for these reavsons the authors suggest a structure 
similar to that of irisin, possibly a ring formed of foim fructose 
residues united through the 1 :2-position8 with other fructose 
residues attached as side chains. 

Several papers dealing with chitin have appeared. Detailed 
X-ray measurements of chitin have been made and an arrangement 
has been suggested for the chitobiose units in the macromolecules 
of chitin, tlie general structure being analogous to that of cellulose.®® 
Owing to the difiiculty found in swelling chitin, attack by chemical 
reagents without disruption of the molecule is extremely difficult. 
Under ordinary conditions acetylation proceeds only to a small 
extent and when the fully acotylated derivative is made by the aid 
of hydrogen chloride in acetic anhydride considerable degradation 
of the uiacromolocule results.®'*^ Methylation proceeds even more 
sluggishly and after 45 treatments with methyl sulphate and alkali 
the product has only 9% OMe content. After swelling in hydro¬ 
chloric acid, chitin is methylated somewhat more readily (OMe, 
16% after 15 treatments), but again appreciable degradation has 
occurred.Nitration of chitin dissolved in nitric acid {d 1*5) may 
bo effected, and the product esterified to the extent of 1-5 OH 
groups per Cg unit has been studied.Attempts to remove the 
acetyl group in chitin are unsuccessful, in that the amino-group is 
so protected by the substituent acetyl that degradation invariably 
occurs. The same authors have studied also the deamination of 
glucosamine under the conditions adopted by Zechmeister and 
find that a small amount of the product is different from glucose, 
mannose, or fructose and they tentatively identify it as chitose.^^ 

The view of Ehrhch that pectins contain basic units comprising four 

Annalen, 1934, 614, 182; A., 1935, 69. 

K. H. Meyer and G. W. Pankow, Helv, Chim, Actay 1935, 18, 589; A.y 

763. 

«» P, Schorigin and E. Hait, Ber., 1935, 68, [B], 971; 849. 

P. Schorigin and N. N. Makarova-Semljanskaja (with V. Anurjeva), 
ibid.y p. 969; A., 849. 

P. Schorigin and E. Hait, ibid,, 1934, 67, [H], 1712; A., 1934, 1340. 

72 P. Schorigin and N, N. Makarova-Semljanskaja, ibid.y 1935, 68, [B], 
965; A., 849. 
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galacturonic acid molecules in either ring or open-chain structures 
is challenged by L. Baur and K. P. Link, who adduce evidence 
from analysis of the methylglycosides of certain residual poly- 
galacturonic acids that the polygalacturonic acid in question 
contains approximately 10 uronic acid units. 

The first of a series of communications dealing with poly¬ 
saccharides sjmthesised by micro-organisms has been published by 
W. N. Haworth, H. Raistrick, and M. Stacey.^^ This paper is 
concerned with mannocarolose, a polysaccharide formed, along with 
many other products,* when Penicillium Charlesii G. Smith is 
grown on Czapek-Dox glucose solutions. On hydrolysis, mannose 
is the on]y sugar produced. The iodine number and the viscosity 
of the acetyl derivative in m-cresol solution corresponded to a 
molecular weight of 9 mannose units. The same value was found 
by direct gravimetric assay of the end group in the methylated 
polysaccharide, which yielded on hydrolysis 13% of tetramethyl 
mannopyranose. It is of interest to find in this instance general 
agreement of all three methods of determining the molecular size. 
The principal hydrolysis product from the fully methylated substance 
was 2:3: 4-trimethyl mannopyranose, the constitution of which 
was proved by its oxidation in two stages to 2:3: 4-trimethyl 
S-mannonolactone and then to d-arabotrirnethoxyglutaric acid. 
The simplest representation of the methylated mannocarolose is 
therefore that shown below, the mannopyranose units being joined 
together through the 1 : 6-positions by a-glycosidic links. Together 



with the above-mentioned hydrolysis products, some 10% of 
2 : 3-dimethyl mannose was encountered. The origin of this is still 
not clear. It may arise owing to incomplete methylation, but in 
view of the fact that the amount approaches that of the tetramethyl 
mannose isolated, the possibihty is conceivable that its isolation has 
some structural significance and the authors put forward the above 
formula with this proviso. In view, however, of the reducing 

♦ These include an interesting series of acids related to y-methyl tetronio 
acid, the constitutions of which offer many novel features. The structural 
formulae have been assigned by P. W. Clutterbuck, H. Raistrick, and F. 
Reuter.^® 

’8 J. Biol Ghem., 1936, 109, 293; A., 732. 

’4 Biochem. J., 1936, 29, 612; A„ 477. 

’5 Ibid., p., 300, 871, 1300; A., 327, 662, 898. 
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properties of the polysaccharide its alternative formulation as a 
continuous loop with a mannose side chain seems highly improbable. 

Investigations into the nature of the polysaccharides of yeast 
have been reported,’'® By prolonged aqueous extraction of suitably 
treated yeast (Saccharomyces cerevisioe) a polysaccharide fraction 
can be obtained as a colourless powder, freely soluble in water, 
giving an opalescent solution. It contains some 9% of acetyl and 
is hydrolysed by hydrochloric acid, giving glucose. It seems likely 
from the work now described that the so-called “ yeast-gum,’’ 
“ yeast-cellulose,” and “ yeast-glycogen ” of Salkov/ski are not 
present in yeast in these forms but are secondary products resulting 
from the action of alkali. 

Methods have been given for the isolation of wood starch in a 
high degree of purity from the sapwood of English oak and walnut. 
It appears that these starches closely resemble potato, maize, and 
other starches in some of their properties, but certain well-marked 
differences were observed. For example, wood starch appears to 
contain a uronic acid residue in addition to glucose residues united 
through a-glucosidic links. The glucose residues form some 90% 
of the whole and it is suggested that the remainder consists of an 
aldobionic acid anhydride, possibly a glucose-glycuronic acid 
derivative. It is possible also that the uronic acid residue may be 
partly methylated.” 

As a contrast to the above type of sugar derivative present in 
certain woods it is of interest to note that from the wood of the 
European larch a polysaccharide can be extracted which contains 
no methoxyl and no uronic acid. Mannose and glucose are absent 
also and on hydrolysis the polysaccharide yields arabinose 
(12%) and galactose (82%). Its empirical formula is thus 
[(C 5 HQ 04 )(CgHio 05 )g]n and the substance seems to be identical with 
the polysaccharide obtainable from other larch woods. The iodine 
number indicates a low molecular weight (approx. 8000).’® 

E. L. H. 

S. P. 

4, Cabotbnoids. 

Since the last Report,^ investigations in this field have been to a 
large extent of a consolidating nature; it may be said that the main 
features of carotenoid chemistry are now firmly established.® 

M. G. Sevag, C. Cattaneo, and L. Maiweg, Anncden, 1936, 619, 111; 
A„ 1280. 

” W. G. Campbell, Biochem. J., 1936, 29, 1068; A., 797. 

F. C. Peterson, M. Maugham, and L. E. Wise, Gelluloaechem., 1934, 16, 
109; A„ 1935, 478. 

1 Ann, Reports t 1933, 30, 146. 

® For detail, see the monograph “ Carotenoide,” L. Zechmeister, Berlin, 1934, 
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d’Carotene .—Oxidation of a-carotene with chromic acid gives an 
a-oxycarotene, CioHggOg,® considered to be the a-analogue of p-di- 
hydroxycaroteiie,^ and formulated as (I), since it has no vitamin-^ 
activity, together with a-semicarotenone (II), C4QH5g02, which 
gives a monoxime only ® and shows a general correspondence in pro¬ 
perties to semi-p-carotenone.® It differs from the latter, however, 
in that it does not exhibit vitamin-^ activity, indicating that it 
contains an a- and not a p-ionone ring. a-Carotone gives a di-iodide 
which exhibits vitamin-^ activity 


H. 


Me. OH ¥« n, 

Hj/Y- ch:ch-c:ch-ch:ch-c:ch-ch:ch-ch:c-ch:ch-ch:c-ch:ghA 

Hi JMe(OH) Mek 
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Me« Me Me -rr 
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Me. 


X 
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^•Carotene and Azafrin ,—^The symmetrical formula for p-carotene 
(III) proposed by P. Karrer and his associates has been confirmed 
by R. Kuhn and H. Brockmann by means of a singularly brilhant 
series of degradation experiments.® Whereas the total structure of 
lycopene has been established by its degradation to p-norbixin,® 
followed by the synthesis of the perhydro-derivative of the latter, 
the detailed structure of the polyene chain of p-carotene, in so far 
as the exact positions of the methyl group attachments are concerned, 
has liitherto been based mainly upon a high degree of probability. 

Mild oxidation of p-carotene with chromic acid yields dihydroxy- 
P-carotene (IV),* the constitution of which has been established by 
its oxidation with the Criegee reagent to semi-p-carotenone (V). 
Both dihydroxy-p-carotene and semi-p-carotenone on further oxid¬ 
ation with chromic acid give p-carotenone (VI), which had previously 
been obtained by the direct oxidation of p-carotene.® A probable 


^ P. Karrer, U. Solmssen, and 0. Walker, Hdv, Chim. Acta^ 1934, 17, 
417; A,f 1934, 617; P. Karrer, H. v. Euler, and XJ. Solmssen, ibid., p. 1169; 
A„ 1934, 1221. 

4 K. Kuhn and H. Brockmann, Ber., 1932, 66, [B], 894; 1934, 67, [B], 
1408; A., 1932, 749; 1934, 1000; AnnaUn, 1936, 518, 95; A., 611. 

* P. Karrer and U. Solmssen, Helv. Chim. Aota, 1935,18, 26; A., 340. 

® Ann. Reports, 1933, 80, 162. 

’ P. Karrer, A. Helfenstein, H, Wehrli, and A. Wettstein, Helv. Chim. Acta, 
1930,13, 1084; A., 1930, 1422. 

® AnnaUn, 1936, 616, 95; A., 611. • Ann. Reports, 1933, 30, 149. 

P. Karrer, P. Benz, R. Morf, H. Raudnitz, M. Stoll, and T. Tokahashi, 
mh. Chim, Acta, 1032,15, 1218, 1399; A., 1932, 1234; 1938, 62. 
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intermediate in the oxidation of semi-p-carotenone to p-carotenone 
has been isolated by the mild chromic acid oxidation of dihydroxy- 
P-carotene, and formulated as dihydroxysemi-p-carotenone (Va), 
since on oxidation with lead tetra-acetatc it gives p-carotenone. 

Oxidation of p-carotene under conditions that led to the formation 
of bixin dialdehyde from lycopene was expected to yield crocetin 
dialdehyde; this was not the case, however, for a p-carotenone alde¬ 
hyde, C 27 H 3 g 03 (VII), was isolated. This aldehyde was also obtained 
by the further oxidation of either p-carotenone, diliydroxysemi-p- 
carotenone, semi-p-carotenone, or dihydroxy-p-carotene. 

The non-occurrence of isomerides of the first four oxidation 
products of p-carotenc [(IV), (V), (Va), (VI)] and the establishment 
of the function of the oxygen atoms present therein are satisfactory 
confirmation of the identity and symmetrical distribution of the 
two ring systems of p-carotene, and the fact that from p-carotene 
and its first four oxidation products one, and only one, p-carotenone 
aldehyde is obtained establishes the complete symmetry of the 
polyene chain of the hydrocarbon. p-Carotenone aldehyde gives 
four mols. of acetic acid on drastic oxidation (method of R. Kuhn 
and F. L’Orsa),^^ from which it follows that its polyene chain 
carries three methyl group attachments, one mol. of acetic acid being 
ascribed to the terminal acetyl group. 

Without making an assumption regarding the location of the 
methyl group attachments in the polyene chain, it is clear that the 
formation of p-carotenone aldehyde from either p-carotene or p- 
carotenone is effected by chain fission between C 3 and C 4 (or between 
Ci 5 and Cjq). Since p-carotenone aldehyde contains only thi-ee 
methyl group attachments in the polyene chain, it follows that one 
of the four carotene polyene chain methyl groups is attached between 
the P-ionone ring A and C 4 , and another between the p-ionone ring 
B and Cjg. 

P-Carotenone aldehyde gives a dioxime with excess and a monoxime 
with one mol. of hydroxylamine; the latter is a mixture of ketoxime 
and aldoxime, and gives on dehydration a mixture of unchanged 
ketoxime and a nitrile, which are separable ohromatographically. 
Controlled hydrolysis of this nitrile gives an amide (Vlll), which is 
identical with anhydroazafrinoneamide prepared from azafrinone 
(IX) by successive treatment with thionyl cliloride and ammonia, 
followed by cyclisation of the 1 : 6 -diketone system with alkali. 
p-Carotenone aldehyde is thus the aldehyde of azafrinone and the 
polyene chain of azafrin 1 ^® (X) must be identical with part of that of 

Z. angew. Chem., 1931, 44, 847; A., 1931, 1437; R. Kuhn and H. Roth, 
Ber., 1933, 66, [B], 1274; A., 1933, 1179. 

Ann. Reports, 1933, 80, 166. 
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CH0-CH:CH-C:CH*CH:CH-CH:C-CH:CH*C02Me CH0-c:CH*CH:CH-CH:C-CH:CH-C02Me 

(XI.) Azafrinal-I methyl eater (XII.) Azafrinal-II methyl ester 
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p-carotene; evidence concerning the polyene chain of azafrin can 
now be directly applied to that of p-carotene. 

Oxidation of the methyl ester of azafrin gives a mixture of two 
aldehyde esters, azafrinal-I methyl ester (XI), and aza- 

frinal-II methyl ester (XII), CigHigOg, both of wliicli contain two 
extra-chain methyl groups. The formation of the former is con¬ 
sequent upon rupture of the azafrin polyene chain between C 3 and 
C 4 , and of the latter upon rupture between Cg and Cg. Since both 
aldehydes contain only two extra-chain methyl groups, the third 
extra-chain methyl group of azafrin must be between the ring and 
C 4 , a conclusion in harmony with that arrived at from a consideration 
of p-carotenone aldehyde. Furthermore, since azafrinal-II is an 
aldehyde, a methyl group cannot be attached to Cg; so both methyl 
groups of the azafrinals-I and -II must be attached between C 7 and 
Cj 4 . Thermal decomposition of azafrin gives m-toluic acid,^^'* 
from which it is clear that a methyl group must be attached at either 
C,o or a conclusion necessitating a symmetrically attached 
methyl group at either Cg or C 7 respectively; the polyene chain 
of azafrin has methyl group attachments at cither Cg and C^^g or 
C 7 and Ci 2 « The former arrangement, however, does not allow 
of the interpretation of the formation of m-xylene by thermal 
decomposition of azafrin; consequently two methyl groups must 
be attached to Cjg and C 7 . The formation of m-xylene from azafrin 
now requires that the third methyl group of its j)()lyene chain is 
attached to C 3 . The symmetrical nature of the p-carotene chain 
locates the remaining extra-chain methyl group at therefore 
the polyene chain of p-carotenc carries methyl group attachments 
at C 3 , C 7 , Cj 2 > and Cjg 

Xantliofhylls ,—The so-called caricaxanthin isolated by R. 
Yamamoto and S. Tin ^2 from Carica papaya L. has been shown to 
be kryptoxanthin.^3 Kryptoxanthin is also present in the blooms of 
the sunflower,in capsicum,^® and in yellow maize; the vitamin-^, 
activity of the last substance is ascribed to its kryptoxanthin 
content and not to carotene, which is present only in small amount. 
Cucurbitaxanthin, and cucurbitene,^’^ from the giant pumpkin, 

J, Agric. Chem, Soc. Japan, 1933, 9, 642; A., 1933, 1343. 

P. Karrer and W. Schlientz, Helv, Chim* Acta, 1934, 17, 65; A., 1934, 

301. 

L. Zechmeister and P. Tuzson, Ber., 1934, 67, [B], 170; A., 1934, 336. 

L. Zechmeister and L. v. Cholnoky, Annalen, 1934, 509, 269; A., 1934, 

667. 

R. Kuhn and C. Grundmann, Ber,, 1934, 67, [R], 593; A., 1934, 

703. 

H. Suginome and K. Ueno, BulL Chem, Soc. Japan, 1931, 6 , 221; A., 
1931, 1200. 
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have likewise proved to bo slightly impure lutein and p-carotene 
respectively.^® 

Ruhixanthin. —The ripe hips of the dog rose (Rosa canina) contain, 
in addition to lycopene and carotene, an optically inactive xantho- 
phyll, C 4 oH 5 ^. 0 , to which the name rubixanthin has been given; 
the ripe fruits of the species Rosa rubiginosa appear to be a 
particularly suitable source. Rubixanthin is spectroscopically 
identical with y-carotene and, like it, gives one mol. of acetone on 
ozonolysis, and contains twdvc ethenoid linkages, thus differing 
from all previously examined xanthophylls (11 | ). Since the 
oxygen atom has been diagnosed as a hydroxyl group (Zerewitinoff), 
it follows that rubixanthin is monocyclic. These observations 
clearly indicate that rubixanthin is a hydroxy-y-carotene (XlII) 
in which the hydroxyl group is situated in the p-ionone ring, since 
the pure xanthophyll is devoid of vitamin-activity. The depicted 
position of the hydroxyl group, though highly probable on biogenetic 
grounds, awaits confirmation. 

Zcaxanthin. —Zeaxanthin (from physalien), wdiich has hitherto 
been anomalous in being the only Isevorotatory xanthophyll, 
has been shown to be optically inactive when carefully purified. 
Furthermore, this loss of rotatory power is not to be ascribed 
to racomisation consequent upon the alkaline hydrolysis of physalien, 
since the naturally occurring ester also is optically inactive and, 
moreover, the dipalmitate of the purified zeaxanthin is identical 
with natural physalien. All known xanthophylls are now either 
dextrorotatory or optically inactive, the latter class comprising 
kryptoxanthin,22 zeaxanthin, and rubixanthin.^® The first two 
of these are derived from the optically inactive P-carotene by the 
introduction of one and two hydroxyl groups respectively, whereas 
the last is a monohydroxy-derivative of the optically inactive 
y-carotene. Although asymmetry is thus introduced, the three 
xanthophylls are optically inactive. Fucoxanthin, previously 
reported to be dextrorotatory, has recently been shown to be a 
member of the optically inactive class of xanthophylls; 23 it is not 
clear, however, to which hydrocarbon it is related. Of the dextro- 

L. Zechmeistor and P. Tuzson, Rer., 1934, 67, [13], 824; A., 1934, 710. 

R. Kuhn and C. Griuidmann, ibid.y i)p. 339, 1133; A., 1934, 404, 

1047, 

P. Kairer, IT. Wohrli, and A. Holfenstoin, Helv, Chim. Acta, 1930, 13, 
268; A., 1930, 609; R. Kuhn, A. Winterstein, and W. Kaufmann, Ber., 
1930, 63, [B], 1489; A., 1930, 1044. 

R. Kuhn and C. Grundmann, Ber., 1934, 67, [B], 596; A., 1934, 058. 

»* Idem, Ber., 1933, 66, [B], 1746; A., 1934, 70. 

« I. M. Heilbron and R. F. Phipers, Biochem. J., 1936, 29, 1369; A., 
1040. 
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rotatory xanthophyJIs, lutein 2^ is related to the dextrorotatory 
a-carotene; it remains to be established to which hydrocarbons the 
remaining dextrorotatory xanthophylls (flavoxanthin,^^ viola- 
xanthin ,26 and taraxanthin 2 ?) are related. 

The constitutions ascribed to zeaxanthin 20 (XVI) and rhodo- 
xanthin 28 (XIV) have been to a large measure confirmed by the 
conversion of the latter into the former, a transformation which 
represents the first artificial conversion of one naturally occurring 
carotenoid into another. Partial reduction of rhodoxanthin gives 
a dihydro-derivative 28 (XV), which on treatment with aluminium 
^ 5 opropoxide gives zeaxanthin. 2 ® 

Oxidation of zeaxanthin dipalmitate (physalien) gives a diketone, 
physalienone ^ (XVII), which is spectroscopically similar to semi-p- 
carotenone and capsanthin, and partial hydrolysis of physahen gives 
zeaxanthin monopalmitate,!^ the absorption spectrum of which is 
identical with that of zeaxanthin and of physalien. 

Astacene. —^Astacene, the carotenoid pigment of lobster {Astacus 
gammarus L.) has been isolated and characterised by R. Kuhn and 
E. Lederer. 2 o It is present as a chromoprotein in the shell and in 
the ovary and as an ester in the red epidermis. Astacene appears 
to be the characteristic pigment of the Crustac>eac\ it has been 
isolated from the eggs of the spider-crab {Maja-squinada)^^^ from 
star-fish (Orphidiaster orphidiantis),^^ from the red skin of the 
goldfishes {^Beryx decadactylus), from the liver oil of angler fish 
{Lophius piscatorius)j^^ from the prawn (Nephrops norvegicus),^* 
and from whale oil.e^ The salmenic acid of H. v. Euler, H, Hell- 
strom, and M. Malmberg es has been shown to be astacene.ee 

Astacene has a characteristic absorption spectrum (single broad 

P. Karrer and A. Zubrys, Helv, Chim, Acta, 1933, 16, 977; A., 1933, 
1160. 

R. Kuhn and H. Brockmann, Z, physiol, Chem,, 1932, 213, 192; A., 
1933, 329. 

*• R. Kuhn and A. Wintorstoin, Ber., 1931, 64, 326; A., 1931, 491. 

R. Kuhn and E. Ledoror, Z. physiol. Chem., 1931, 200, 108; A., 1931, 

1299. 

R. Kuhn and H. Broclanann, Ber., 1933, 66, [B], 828; A„ 1933, 716. 

P. Karror and U. Sohnsaon, Uelv. Chim. Acta, 1935, 18, 477; A., 754. 

30 Ber., 1933, 66, [B], 488; A., 1933, 509. 

31 R. Kuhn, E. Lederer, and A. Deutsch, Z, physiol. Chem., 1933, 220, 
229; A., 1933, 1318. 

32 p. Karror and F. Benz, Helv, Chim. Acta, 1934, 17, 412; A., 1934, 631. 

33 E. Lederer, Compt, rend. Soc. Biol., 1936, 118, 642; A,, 646. 

3“^ G. N. Burkhardt, I. M. Heilbron, H. Jackson, E. G. Parry, and J. A. 
Lovem, Biochem J., 1934, 28, 1698; A., 1934, 1246; N. A. Sorensen, Tidsskr 
KjemiBerg., 1935, 16, 12; A., 882. 

83 SvenskKem. Tidskr., 1933, 46, 151; A., 1933, 1067. 

3® N. A. Sorensen, Z. physiol. Chem., 1936, 2d6t 8. 
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band, max. 500 mti in pyridine). The detailed structure of the 
pigment has been elucidated by P. Karrer and his associates, 
who established the true molecular formula, C 4 (,H 4 t, 04 , by analysis 
of astaoene dioxime. Since astacene gives a diquinoxaline deriv¬ 
ative, it follows that the four oxygen atoms are paired in a di-a- 
diketone system. 

Astaoene exhibits distinct acidic properties which must be ascribed 
to a keto-enol transformation, since the function of the four oxygen 
atoms as carbonyl groups is established. This explanation of its 
acidic nature is confirmed by the observation that the pigment 
forms a diacetate devoid of acidic properties. The carotenoid 
contains thirteen easily reducible linkages, of which two are con¬ 
sequent upon enolisation, since perhydroastacene contains two active 
hydrogen atoms. Astacene is therefore either a 4 : 5 : 4' : 5'- or a 
5:6:5': 6'-tetraketo-p-carotene. The latter form is highly im¬ 
probable, for according to such a structure the dioxime would cer¬ 
tainly be 5 : 5'-dioximino-6 : 6'-diketo-P-carotene and would not 
be capable of enolisation. Astacene dioxime is, however, com¬ 
pletely enolised, containing four active hydrogen atoms (Zerewitin- 
off), of which two correspond to the oxime residues and two to enolic 
hydroxyl groups. 

Final confirmation of the structure (XVIII) and elimination of 
the 5:6:5': 6'-tetraketo-P-carotene alternative have been obtained 
in the isolation of aa-dixnethylsuccinic acid from the products of 
oxidation of the diquinoxaline derivative of astacene. 

Capsanthin and Gapsoruhln .—Red pepper [Capsicum annuum) 
contains a complex mixture of carotenoids, which have been exam¬ 
ined with considerable success by L. Zechmeister and L. Cholnoky.^® 
In addition to a- (traces only) and p-carotenes, zeaxanthin, lutein, 
and kryptoxanthin, two new ketonic carotenoids have been isolated 
by chromatographic methods. The more abundant of these is 
capsanthin, C^oHggOg, and the other, present in small amount only, 
is capsorubin, C 4 oHgo 04 . 

Catalytic hydrogenation of capsanthin and capsorubin indicates 
the presence of ten ethenoid hnkages and one carbonyl group in the 
former, and of nine ethenoid linkages and two carbonyl groups in 
the latter. The remaining two oxygen atoms of both capsanthin 
and capsorubin are present as easily esterifiable hydroxyl groups. 
Although capsanthin does not give an oxime, the presence 
of a carbonyl group has been demonstrated indirectly by the 

P. Karrer and F. Benz, Hdv. Chim. Acta, 1934, 17, 412; A,, 1934, 531; 
P. Karrer and L. Loewo, ihid.^ p. 745; 4., 1934, 896; P. Karrer, L. Loewe, 
and H. HUbner, ibid., 1935,18, 96; A., 346. 

AnnaUn, 1934, 509, 269; 4., 1934, 657; ibid., 1936, 516, 30; A., 495. 
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reduction of perhydrocapsanthin with sodium and ethyl alcohol, 
the number of esterifiable hydroxyl groups then increasing from two 
to three. The inactivity of the carbonyl group of capsanthin is 
reminiscent of one of those of semi-p-carotenone. The molecular 
formula, taken in conjunction with the function of the oxygen 
atoms and the number of ethenoid linkages, clearly establishes 
the monocyclic nature of capsanthin and the aliphatic nature of 
(^apsorubin. 

Since capsanthin does not exhibit vitamin-u4 activity, it cannot 
contain an unsubstituted P-ionone ring, a conclusion which is con¬ 
firmed by the observation that on oxidation with permanganate 
capsanthin gives aa-dimethylsuccinic acid and dimethylmalonic 
acid but not aa-dimethylglutaric acid.^^ 

On this evidence satisfactory formulations have been evolved 
for capsanthin (XIX) and capsorubin (XX); these structures 
represent the two carotenoids as stepwise hydration products of 
zeaxanthin. 

Of great interest are the spectroscopic similarities summarised 
below (maxima in carbon disulphide) : 


101 ■ + 1 terminal > CO,I Chromo- v + 2 terminal >CO, 

all conjugated. / phore \ all conjugated. 


Capsanthin . 542, 503 

Semi-j8-carotenone . 538, 499 

Physalienone 3. 538, 503 


Capsorubin . 541*5, 503, 468 

/3-Caroteiione ... 538, 499, 466 

Bixin dialdehyde 639*5, 602, 467*6 


The slight difierences in these maxima can be ignored, since L. 
Zechmeister and L. von Cholnoky record that semi-p-carotenone and 
capsanthin are spectroscopically indistinguishable in carbon di¬ 
sulphide, ligroin, benzene, or alcohol solution. These spectro¬ 
scopic data favour the suggested formulae for the new carotenoids, 
since according to these structures the change, semi-p-carotenone 
—> p-carotenone, is identical with the change, capsanthin —>• 
capsorubin, in so far as the chromophoric grouping is concerned. 

Fucoxanthin .—^The pigment of brown algae has been obtained 
in a considerably purer condition than hitherto (see p. 297). The 
formula C 4 QH 5 eOQ ascribed to fucoxanthin by P. Karrer is 
abandoned in favour of by I. M. Heilbron and R. F. 

Phiper8.23 The carotenoid contains four active hydrogen atoms 
(Zerewitinoff), but the function of the remaining two oxygen atoms 
has not been directly established. Although unsuccessful attempts 

P. Karrer, A. Helfenstein, H. Wehrli, B. Pieper, and R. Morf, Helv. Chim, 
Acta, 1931, 14, 614; A., 1931, 733. 

R. Kuhn and H. Brockmann, Ber., 1933, 66, 1319; A., 1933, 1297. 

Idem, ibid,, 1932, 66, 898; A„ 1932, 749. 

R. Kuhn and C. Grundraann, Ber., 1932, 65, [B], 1880; A,, 1933, 142. 
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have been made to prepare carbonyl derivatives of the pigment, 
the presence of such groups is not precluded, since semi-p-carotenone 
gives a monoxime only and capsanthin fails to give an oxime. 

Whereas the living Fucus veaiculosus contains p-carotene and 
fucoxanthin, the dead material contains p-carotene and zeaxanthin. 
No trace of the last pigment could be detected in the fresh algai; 
it is suggested that a post-mortem transformation, fucoxanthin —h 
zeaxanthin, occurs. The provisional structure (XXI), which allows 
of such a transformation to zeaxanthin, has been suggested for 
fucoxanthin. 

Crocetin .—It was reported in 1933 that the constitution of crocetin, 
the pigment of saffron, had been established as (XXII) and that 
perhydrocrocetin onjdegradation according to the following scheme 
gave a diketone, Cj 3 X 13402 . 

(XXII.) co2H-9:ch-ch:ch-9:ch-ch:ch-ch:9*ch:ch-ch:(^-co2H 

Me Me Me Me 

Br;KOn 9 ® 9 ® MeMgl on 

C02H-9H-X-9H.C02H-^ CO,H-(J-X-(f*CO,H 

Me Me Me Me 

9 H OH Pb(OAc )4 

OH-Me 2 C- 9 —X— 9 —CMeg-OH-^ Me-CO—X—COMe 

Me Me C 13 H 34 O 2 

This diketone has now been synthesised by P. Karrer and J. Lee 
by the depicted route, which confirms its structure as 6 : 11 -dimethyl- 
hexadecane-2 : 15-dione (XXIII). 

3Sfa + Eton 

EtOgC-CHa-CHMe-CHa-COsEt —^ 

CH 2 (OH)-CH 2 -CHMe-CH 2 -CH 2 -OH — 
CH 2 (OEt)*CH 2 -CHMe-CH 2 -CH 2 -OH 

HBr; 0HNa(0O,Et)a 

CH 2 (OEt)-CH 2 -CHMe-[CH 2 ] 4 -CHMe-CH 2 -CH 2 -OEt-^ 

MeZnl on 

K 02 C-[CH 2 ] 3 -CHMe-[CH 2 ] 4 -CHMe-[CH 2 ] 3 -C 02 H-;^;j;^ 

Me-CO-[CH 2 ] 3 -CHMe-[CH 2 ] 4 -CHMe-[CH 2 ] 3 -COMe (XXIII.) 

An interesting thermal degradation of (^ra? 2 < 5 -) crocetin dimethyl 
ester is described by R. Kuhn and A. Winterstein.^^ In addition 
to m-xylene and toluene the reaction leads to the formation of a 
dimethyl ester, C 15 H 20 O 4 , which contains four ethenoid linkages and 
three extra-chain methyl groups. The constitution (XXIV), which 

« Helv. Chim. Acta, 1934, 17, 545; A., 1934, 635. 

Ber., 1933, 66, 1733; A., 1934, 57. 
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is in harmony with its spectroscopic properties, has been ascribed 
to this ester and the mechanism of the reaction is formulated as 
follows: 


Me02C-9:CH-CH::pCH-9:CH-CH:CH-CH::F9-CH:CH-CH:9-C02Me 
Me Me Me Me 



Y 

toluene 



(XXIV.) 


Me02C*9:CH*CH:9*CH:CH-CH:9*C02Me 
Me Me Me 


It is remarkable that esters of the tj^e a—a and b — h were not 
formed. 

General, 

Several new carotenoids have been isolated and characterised 
during the period under review. From the sea urchin {Echinus 
esculentus), a pigment pentaxanthin, C 4 oHr,^ 05 , has been isolated; 
it resembles lutein in its absorption spectrum. From the sex glands 
of the same species, a pigment eebinenono, C^oHocO, has been 
characterised by its absorption maxima at 520, 488, and 450 mg 
(carbon disulphide).^® A new pigment which exhibits the t} 7 )ical 
lycopene spectrum has been isolated from Solanum dulcamara \ 
it is differentiated from lycopene, however, in its melting point.^® 

The sea anemone, Actinia equina^ contains an ester, actinio- 
erythrin,^^ which on hydrolysis gives a carotenoid, violaerythrin, 
characterised by its absorption maxima (carbon disulphide) at 
625, 576, and 540 mg.^® The red pigment of the Actinoloba dianihus 
species gives on hydrolysis an acidic carotenoid, probably identical 
with astacene. The species Anemonia sulcata contains no estorified 
pigments, the main lipochrome being sulcataxanthin (C 4 QH 5 oOy ?),^® 
characterised by three absorption maxima at 516, 482, and 450 mg 
(carbon disulphide). 

The red anthers of the tiger lily contain, in addition to capsanthin 
(as an ester), a new xanthophyll ester, hydrolysis of which gives 
the xanthophyll antheraxanthin (C 4 oH 5 g 03 or 040115 ^ 03 ),^® approxi¬ 
mating closely in its absorption spectrum to zeaxanthin. 

E. Lederer, Compt, rend., 1935, 201, 300; A., 1146. 

L, Zechmeister and L. v. Cholnoky, Naturwias., 1935, 23, 407; A., 983. 

K. Fabre and E. Lederer, Bull. Soc. Chim. hiol., 1934, 16, 105; A., 
1934, 676. 

** I. M. Heilbron, H. Jackson, and R. N. Jones, Biochem. J., 1935, 29, 1384; 
A., 1005. 

P. Karrer and A. Oswald, Helv. Chim. Acta, 1936, 18, 1303. 
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Three new carotenoid pigments (tabulated below) have been 
isolated from purple bacteria by P. Karrer and U. Solmssen.®® 


Max. in CSg. 


Rhodoviolascin \ . , 

573-5 

534 

496 

Rhodopin /oxygenated 

547 

508 

478 

Rhodopurpurin C 4 oH 5 g or C 40 H 58 

550 

511 

479 


From the spectroscopic properties, it is inferred that rhodopur- 
purin must contain at least thirteen ethenoid linkages and, further, 
that rhodoviolasoin and rhodopin are derivatives of rhodopurpurin. 
Both rhodoviolascin and rhodopiirpurin are epiphasio in spite of a 
relatively high oxygon content, from which it is suggested that little, 
if any, of the total oxygen is present as hydroxyl, since xanthophylls 
with two hydroxyl groups are, in general, hypophasic. F. S. S. 

5. Carbocyclic Compounds.’^ 

The discovery of large carbon rings and of stable ^mn«9-dicyclic 
compounds has led to a revision of our ideas on alicyclic stereo¬ 
chemistry and the strain theory.- The first of these topics has 
been reviewed in these Reports ^ and a few further developments 
of interest may be noted. 

The value for the heat of combustion of the methylene group 
contained in large carbon rings has been found by L. Ruzicka and 
P. Schliipfer ^ to lie between 156 and 157 kg.-cals., which is sup¬ 
ported by a value independently found for cycZodecane.^ This 
corresponds with the most accurate recent figure, 157 kg.-cals., for 
the meth^dene group in paraffin hydrocarbons ® and there can no 
longer be any doubt that Ruzicka’s large-ring compounds are 
strain-free and multiplanar. Muscone, which occurs naturally in 
musk, was shown by Ruzicka to be p-raethylcycZopentadeoanone. 
Its racemic modification has now been synthesised independently 

P. Karrcir and U. Solrnssen, Hclv. Ghim. Acta, 1935, 18, 1306. 

^ Por general reviews, see (a) W. Huckol, Fortschr. Chem. Physik^ 1927, 
19, Heft 4, 1, and “ Griindlagen dor Org. Choin.,” I, 56 (1934); (b) W. H. 
Mills, Inat. int. Chim. Solvay, Conseil Oiim., 1931, 4, 1; and Thorpe’s 
“ Dictionary of Applied Chemistry,” II, 433 (1935). 

2 Attention must also be drawn to the pioneer work of J. Boeseken and 
H. G. Derx {Bee, trav. chim,, 1920, 39, 183; 1921, 40, 629; 1922, 41, 327, 
338; A,, 1921, i, 663, 843; 1922, i, 651), which provided the first experimental 
evidence in favour of the Sachse-Mohr theory. 

3 Ann, Reporta, 1926, 23, 112; 1928, 25, 111. 

* Helv, Chim. Acta, 1933, 16, 162; A., 1933, 230. 

W. Huckol, A. Gercke, and A. Gross, Ber., 1933, 66, [B], 563; A„ 1933, 

494. 

« F. D. Rossini, J. Rea. Nat. Bur. Stand., 1934, 13, 21; A., 1934, 1071. 

Cf. Ann. Reports, 1934, 31, 43. 
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by K. Ziegler and K. Weber and by L. Ruzicka and M. Stoll.® 
The physical properties of compounds containing large carbon rings 
up to C 33 have been revised.®^^ 

According to Sachse the cyc/ohexane ring should exist in two 
multiplanar strainless forms, but on theoretical grounds it is to 
be expected that these will be very easily interconvertible.^^ For 
general stereochemical purposes the single ring can be considered 
as planar, in accordance with a mass of chemical evidence. There is 
no satisfactory evidence for the existence of isomeric monocyclic 
derivatives of cycZohexane corresponding to the two Sachse forms. 
One claim ® for this has been disproved and another appears 
to be against the weight of the evidence. 

Dicyclic Compounds. 

The investigation of dicyclic compounds has now reached a 
stage when a general review can profitably be made. The results 
from this field are in many ways more precise than those coming 
from the study of the simple rings. It has been found that the 
tetrahedral arrangement is maintained and that deviations from 
this lead to strain, an increase in energy content, and a fall in 
stabilitj^ We may draw attention to the fortunate circumstance 
by which the cis- and the ^ra7i5-locking of alicychc rings were 
experimentally established just before the sudden develoi3ment of 
the chemistry of sterols and allied substances, in which the two 
types of locking play so important a part. 

I'he purely tetrahedral theory of ring strain, modified by Sachse, 
Mohr, and Huckel from Baeyer’s original conception, makes the 
following requirements in the field of or^/^o-dicyclic s 3 ^stems.^® 
(a) Two five-membered rings can be fused by cis-valencies to yield 
a strain-free rigid structure containing two inclined planar rings, 
whereas fusion by <m?i5-valencies gives a rigid strained multiplanar 
structure in which the minimum strain is almost exactly equal to 
that of the bicydo\\. : 2 :2]heptane (camphor) system, (b) Two 
six-membered rings can be joined by either cis- or valencies 

’ Annaleriy 1934, 512, 164; A,, 1934, 1103. For Ziegler’s elegant methods, 
see Ann. Beporta, 1934, 31, 161. 

8 Helv. Chim. Acta, 1934, 17, 1308; A., 1934, 1220. 

L. Kuzicka, M. Hiirbin, and M. Furter, ibid., p. 78; A ., 1934, 285. 

» M. Qudrat-i-Khuda, Nature, 1933, 132, 210; A., 1933, 952. 

A. N. Dey and R. P. Linstead, J., 1936, 1063; A., 1239. 

M. Qudrat-i-Khuda, J. Indian Chem. Soc., 1931, 8, 277; A., 1931, 
1066; Nature, 1935, 136, 301; A., 1236. 

“ S. Goldschmidt and O. Grafingor, Ber., 1936, 68, [R], 279; A., 489; 
R. I). Besai and R. F. Himter, Nature, 1936, 136, 608. Cf. idem, ibid., 136, 
434; 136, 963; A., 618, 1496. 
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to yield strainless multiplanar stnictures, the ci^-forms being 
mobile, the travs- comparatively rigid.^^ (c) A five-membered ring 
can be fused to a six-membered ring by c^. 5 -valencies to give a 
strainless structure in which the 5-ring is planar and the 6-ring of the 
tram-JAjoikmg of these rings yields a strained multiplanar 
structure in which the minimum strain is about half that given by 
the irans-linking of two five-membered rings. 

We shall consider first the preparation of substances of these 
types and secondly the manner in which their strain has been 
estimated. 

Demhydronaphthalenes (Decalins)M —W. Hiickel has con¬ 
clusively established the existence of two series of decalin derivatives 
corresponding to the cis- and imri^-linking of the two cyclohexa,ne 
rings. Two p-decalols had been known for some time. These 
were oxidised to two isomeric p-decalones (I), which were reduced 
by the Clemmensen or the Wolff method to the corresponding 
decalins (II). This showed that the cause of the isomerism lay 
in the arrangement of the ring carbon atoms and was not connected 
with the substituents. The cia (Ila)- and tram (II6)-decalins can 
be separated by the fractionation of crude decaJin, made by the 
reduction of naphthalene. 



(I.) cis (I.) trans (11.) cis (11.) trans 

{Plain hexagom in the formulce in this section of the Report imply 
cyclohexane, not benzene rings.) 


N. D. Zelinsky and M. B. Turova-PoUak have shown that cis- 
decalin can be isomerised to the trans-iorm by aluminium chloride 
at room temperature. Reduction (catalytic or alkaline) of each of 
the two p-decalones yields a pair of isomeric p-decalols; the two 
rifi-forms melt at 105° and 18°; the two trans- at 75° and 53°. The 
purification of these has recently been improved by W. Hiickel 

The various decalins produced by fusing C- and Z-forms of the cyclo- 
hexane ring can all be resolved into on© cis- and one tram-iorm (W. A. Wight- 
man, J., 1925, 127, 1421; A., 1925, i, 894; cf. P. C. Henriquez, Proc. K, 
Akad,. Wetensch. Amsterdam, 1934, 37, 532; A., 1935, 15, for a mathematical 
treatment). 

Continued from Ann. Reports, 1924, 21, 92. 

16 Annahn, 1925, 441, 1; Ber., 1925, 58, 1449; A., 1925, i, 258, 1254. 

16 Ber., 1929, 62, 1658; 1932, 66, 1299; cf. ibid., 1925, 68, 1292; A., 1929, 
921; 1932, 1122; 1925, i, 1053. 

1^ W. Hiickel, R. Mentzel, E. Brinkmann, and E. Kamenz, Annalen, 1927, 
451, 109; A., 1927, 238. 
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and K, Kumetat.^® Reduction of the two P-deoaloneoximes 
yields the corresponding four amines.These compounds are of 
the type (III, X==:OH or NHg), 



(Ilia.) (1116.) (lllc.) (Illci.) 


The structure of the (3-decaIones was confirmed by their oxidation, 
which gave a mixture of c^cZohexane-l-carboxylic-2-propionic acids 
and cyc/^ohexane-1 : 2-diacetic acids (shown in ci^-forms, IV and V), 
and also by the synthesis of ci5*p-decalone from cis-cycZohexane-l- 
acetic-2-propionic acid (VI).This was originally prepared from 
2-hydroxy>3-naphthoic acid and has recently been synthesised from 
cyclohexanone.^® cycZoHexane-1 :2-diacetic acid also has been 
synthesised recently.^®"* 




CO2H 

^rCH, 

P-GB-l 

CHa-COaH 

(VI.) 


The isolation of the corresponding compounds with substituents 
on the a-carbon atom has proved more difficult, owing to the ease 
with which c^5-a-decalone isomerises into the Zm?itS-c?ompound. 
A paper by W. Hiiokel, R. Danneel, A. Gross, and H. Naab 
has extended and revised earlier w^ork.^^ Hydrogenation of 
a-naphthol over nickel yields two Zm^i^-a-decalols (m. p.’s 63° and 
49°), which give the same Zm?^5-a-decalone (m. p. 33°) on oxidation. 
Reduction of either of the a-tetralols (ac- or ar-) over platinum 
yields a ci5-a-decalol (m. p. 93°), which gives ct5-a-decalone (m. p. 2°) 
on careful oxidation. This passes over readily and practically 
irreversibly into Zm7i^-a-decalone (m. p. 33°). The second cis-<x- 
decalol (m. p. 55°) can only be obtained by treating the corresponding 
ci5-a-decalylamine with nitrous acid. AU four theoretically possible 
a-decalylamines [m. p.’s 8°, ~ 2° (cis) and — 1°, — 18° (trans)] 
have been prepared and characterised. 

cis- and ^m/w-a-Hecalone (VII) on mild oxidation yield respect¬ 
ively the cts^ and the irans-iorm of cycZohexane-l-carboxylic-2- 
propionic acid (VIII), but treatment with permanganate at 100° 
leads to the complete ring fission of both ketones with the formation 

Ber., 1934, 87, [B], 1890; A., 1935, 80. 

J. W. Barrett, A. H. Cook, and R. P. Linatoad, J., 1935, 1065; A., 1239. 

0. K. Chnang and C. M. Ma, Bar., 1936, 68 , [B], 871; A., 859. 

AnnoZen, 1933, 502, 99; A., 1933, 603. 



LTNSTEAD : OAEBOCYOLIO OOMPOT7NDS. 


309 


of 8-ketosebacic acid (IX), reducible to sebacic acid.^® The esters 
of both CIS- and ^raii5-cvc^ohoxan0-l-carboxylic-2-butyric acid 
when submitted to the Diockmann reaction, gire ^m?^ 1 S-a-decalone- 
fi-oarboxylic ester (X), which yields ^mTi^-a-decalone on ketonic 
fission. 



(VII.) cis- (iJid trans- (VIII.) cis- and tranfi- (IX.) (^O 


The configuration of these compounds was deduced from that 
of the acids which they yield on oxidation (which was known with 
probability but not certainty) and from the physical properties of 
the dicyclic hydrocarbons and ketones. The Auwers-Skita rule 
is obeyed, the molecular rofractivity of the compounds being 
about 0-35 unit above that of their cu-isomcridcs, which is approxim¬ 
ately normal. 

The absolute proof of the configuration follows from the optical 
resolution of cyclohexane-1 : 2-diacetic acid—derived from 

/ran5-p-decalol—which has been effected in two laboratories,^^’ 
and from W. Hiickel and H. Friedrich’s study of the reduction of 
the (3-hydrindanonos (see below). 



(XL) (XIL) (Xiil.) 


Hiickel and his collaborators have prepared a number of 
octalins, of which the and the form are of particular 

interest. A^*®-Octalin (XI) is obtained by the pyrolysis of the 
methyl xanthates of cis- and a-decalols or by the decom¬ 
position of their _p-toluenesulphonates with alcoholic soda; 
octalin (XII), by isomerising the Ai-^-isomerido with j?-toluene- 
sulphonic acid and by other methods.Ozonisation of A^’®- 
o(;talin yields y-2-ketocyc/ohexylbutyric acid (XIII), which with 

'W. Hiickel, M. Sachs, J. Yantschulewitsch, and F. Nerdel, AnnaUn, 
1935, 518, 165; A., 971, following preliminary work (ref, 23). 

« J. W. Barrett and R. P. Linstead, J., 1935, 1069; A., 1239. 

28 AnnaUn, 1926, 461, 132; A., 1927, 238. 

2 ^ W. Hiickel, R. Danneel, A. Schwartz, and A. Gercko, ibid., 1929, 474, 
121; 477, 99; A., 1930, 76, 206; W. Hiickel and H. Naab, ibid., 1933, 602, 
136; A., 1933, 704. 

Cf. Arm, Reports, 1930, 27, 169. 
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permanganate gives §-ketosebacic acid (IX). This proves that the 
double bond is at the bridge-head, contrary to Bredt’s rule. Tetra¬ 
hedral models show, however, that * ®-octalin is free from strain, 
and this agrees with its heat of combustion, which is about the 
same as that of A^-^.octalin.^^ Bredt’s rule must therefore be 
applied with discrimination. If two rings can be locked in the 
or^Ao-position by valencies to yield a stable system, an 

unsaturated derivative with the double bond attached to the 
bridge-head will be equally stable. The rule breaks down for rings 
above the 5-membered, but would be obeyed in the bicyclo\Q : 3 : 3]- 
octane and probably in the hydrindane series. 

The cyc?odecanedionc (XIV) obtained by ozonising A®‘^o.octalin^® 
undergoes an internal condensation in the presence of alkali to 
yield an unsaturatod monoketono (XV) in which 5- and 7-membered 
rings are fused together and the double bond can adjoin the bridge¬ 
head without strain.^^ The mixture of cis- and <ra7i5-c?/cZopentano- 
cycZoheptanones (XVI) obtained by its reduction has been degraded 
to hydrmdan-4-one (XVII): 



(XVII.) 


Hydrindancs,'^^ —W, Hiickel and H. Friedrich showed that 
cis- and trans-cycldhexdiXiQ-l : 2-diacetic acids were cyclised to two 
different p-hydrindanones (XVIIIa and b), oxidation of^ which 
yielded the corresponding cis- and ^mTj^-cyc/ohexane-l-carboxylic- 
2 -acetic acids, which had already been shown to be interconvertible 
through their anhydrides.^® As was pointed out by Hiickel, the 


W. Hiickel and L. Schnitzspalm, Annalerit 1933, 505, 274; A.^ 1933, 

1163. 

A simplified nomenclature is used; 

yCHjv /CH« (hexahydro- 

(hydrindene CHa-^ \r*TT hydrindene 

= indane) 6 h,x ^ ^ > 

^CHj hydrmdone) 

a* A. Windaus, W. Hiickel, and G. Keverey, Her., 1923, 56, 91; A., 1923, 
i, 220. 
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trans-ketone on reduction should yield one racemic fmn^-hydrindanoJ 
whereas the as-ketone should give two alcohols. These were 
actually isolated.The corresponding two cis- and one trans¬ 
forms of p-hydrindanylamino have also been prepared. 

CO 

(X 

(XVIIIa.) (XVim.) (XTX.) 

Complete reduction of *the cis- and the tmns-ketone yielded the 
cis- and the trans-form, respectively, of hydrindane, mixtures of 
which had already been obtained by the hydrogenation of in dene. 
t/’ans-P-Hydrindanone has been obtained in optically active forms 
and the t-ketone, has been reduced to l4ram- 

hydrindane, [aJJJgi — 11 °.‘^^ 

Earlier work had shown that both the cis- and the trans- 
form of o 7 /ctohoxane-l-carboxylic- 2 -propionic acid (VITI) yielded 
the same a-hydrindanone (XIX) on cyclisation. A similar result 
was achieved by cyclising the esters of these acids by the Dieckmann 
method and hydrolysing the product. Tlie ketone obtained appears 
to be a mixture in which the c^^-form greatly predominates. It 
yields a mixture of oximes in the ratio 10 ds- : 1 trans-. The posi¬ 
tion of equilibrium between the two a-ketones has not, however, 
been rigidl}^ established, 

A number of hydrindanones substituted in the ezyeZohexane 
ring have been prepared of which the most interesting from 

the stereochemical point of view is hydriiidan-4-one (XVII). The 
cAs- and the trans-iorm of this should be interconvertible. Here 
again the weight of the evidence is that the ds- is the more stable 
modification. 

bicyclo(0 : 3 : 3 )-Oc^a?ie 5 .~The group of ortho-hised cyclic com¬ 
pounds has been completed by the preparation of substances in 
which two cyc/opentane rings are joined by ds- and by trans- 
valencics. cyc/oPentane -1 : 2 -diacetic acid has been synthesised 
in both ds- and trans-iovms (XXa and 6 ) from eyeZopentanone- 
carboxylic ester.®^’The two acids are conveniently separated 
by fractional ketonisation: the c^t 9 -acid yields the strain-free 
c^ 5 -p- 6 ^cyc^ooctanone (XXIa) when distilled witli baryta at 290°, 

A. H. Cook and R. P. Linstead, J., 1934, 946; .4., 1934, 1002. 

W. Hiickel and E. Goth, Ber., 1934, 67, [B], 2104; W. Htickol and R. 
Schliiter, ibid., p. 2107; A., 1935, 208, 215. 

R. P. Linstead and E. M. Meade, J., 1934, 935; A., 1934, 1002. 

W. Hiickel, E. Goth, and G. Demmler, Bcr., 1934, 67, [R], 2102; A., 
1935, 211. 

J. W, Barrett and R. P. Linstead, J., 1935, 436; A., 750. 
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whereas the «m»M-acid only yields the corresponding strained 
kotono (XXT6) at 340°.3» 


<;pco 

(XXIa.) 



-CHg-COaH 

(XXa.) 


V_L:ch2*C0,h 

(XX6.) 



(XXI6.) 


The Kstruciturc of these ketones was proved by their oxidation to 
cis- and ^m7i5-c?/cZopontane-l-carboxylic-2-acetic acids, which were 
independently synthesised.^^ The ketones and the two hydro¬ 
carbons obtained by their reduction show differences in physical 
properties, comparable with those found in the decalin and hydrin- 
dane series. 

Catalytic reduction of 5-hydroxyindane in acetic acid yielded 
5-hydrindanol (XXII)—essentially cis —^which on oxidation with 
chromic acid gave the corresponding ketone (XXIII) and with 
nitric acid ci5-c7/cZopentane-l-carboxylic-2-acetic acid (XXIV).^®. 35 
It has been shown by A. H. Cook and R. P. Linstead that both this 
acid and its irans-isomorido yield the same a-6^cycZooctanone on 
cyclisation either directly or through the esters by the Dieckmann 
method. In contradistinction to the decalones, the stable form 
obtained in this way is the a^-isomcride (XXV). ci5-5-Hydr- 
indanone (XXIII) has been synthesised from cyciopentanone- 
carboxylic ester and the whole series of reactions provides a 
proof by degradation of the presence of the 5-membered ring in 
indene. 



(XXIU.) (XXIL) (XXIV.) (XXV.) 

Two other syntheses of derivatives of cis-bicyclooct&ne have been 
recorded.®® 


The configurations given above have been rigidly proved by 
the resolution of fm775-cyc?opentane-l : 2-diacetic acid®® (XX6). 
The Z-form of this acid was cyclised to d-trans-^-bicyclooGtsbiione 
(XXI6). The optical activity of this ketone, [a]J5Ji + 437°, shows 
that its constituent rings are multiplanar. The eZ-ketone on reduc¬ 
tion yielded inactive trans-bicyclooctouQ in which the bridge carbon 

A. H. Cook and R. P. Linstead, J., 1934, 956; A., 1934, 1003. 

W. Hiiekel and E. Goth, Ber., 1934, 67, [B], 2104; A., 1936, 208. 

L. Ruzicka, A. Borges de Almeida, and A. Brack, Heh, Ohim» ActUp 
1934, 17, 183; A., 1934, 297; J. C. Bardhan and S. K. Banerji, J., 1935, 
474; A., 748. 
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atoms are no longer asymmetric,^^ This provides an interesting 
contrast to the reduction of active ^mn^-P-hydrindanono (p. 311). 

Turning to the estimation of the strain in these compounds, 
we need consider only two methods. Neither of these is completely 
satisfactory from a theoretical point of view, but they are the best 
available. The first is based on the assumption that a strained 
substance of suitable structure will tend to pass into a strain-free 
or less strained isomeride; the extent of the change will provide 
an approximate experimental indication of the strain. In this 
connection it is instructive to compare the carbocycUc substances 
described above with heterocyclic compounds of allied structure. 
Suitable substances are the anhydrides of 1 :2-cyclic acids, a 
number of which have been obtained in cis- and ira?i<?-modifications.®’ 
The ring oxygen atom in these compounds is presumed to display 
tetrahedral symmetry; the length of the C~0 bonds is less than that 
of the C”C, but not sufficiently to vitiate the comparison. The 
table summarises the results. 


Systonu 

fx-DecHlono .. 

cyclolJ exano-1 -cai' bo xy 1 ie - 2 - 

acetic anhydride . 

a-Hydrindaiiorio .. 

4-Hydrin(lanone .. 

C 2 /cioHexane-l : 2-dicarboxylic 

anhydride . 

ct/cioPentane-1 -carboxylic-2- 

acetic anhydride . 

a-bicycloOctaiT)one . 

cycZoPontane-1 : 2-dicarboxylic 
anhydride .. 


Constituent 

Strain-free Equili- 
fonng. brium. 

Refor- 

rings.* 

onoe. 

6—6 

cis and trans trmis 

15 

0—6 

„ 75% trans 

28 

6—6 

cis Mainly cis 

21, 23 

6—5 

»> n 

30 

6—6 

,, cis 

38 

6—5 

,, 86% CIS 

34 

5—5 

,, cis 

29 

6—5 


39 


* The ring containing the a-group (CO) which promotes the intorchaugo 
is written first. 


Apart from the low stability of the etts-forms of the 6—6 systems, 
commented on later, the results agree with theory. 

The most rigid evidence for strain available at present comes 
from the measurement of heats of combustion. It is assumed that 
in a comparison of isomeric substances of similar physical character¬ 
istics a higher heat of combustion will correspond with a greater 
content of energy, arising from the deviation of the carbon valencies 
from the normal tetrahedral angle. The heats of combustion of 
the highly purified dicyclic carbon compounds already mentioned 

For other cis^ and ^rantf-fused-ring compounds containing a heterocyclic 
ring, see Ann. Reports, 1928, 26, 183; 1929, 26, 104; 1930, 27, 161, 

38 A. V. Baeyer, Annalen, 1890, 268, 218; A., 1890, 1276. 

38 The ^m/w-anhydride yields the ct>-anhydride on heating (W. H, Perkin 
tt al., i/., 1894, 66, 986; 1914, 105, 2643). The frran,-?-anhydride is polymeric 
(J, Bredt, H. Thouet, and J. Schmitz, Annalen, 1924, 437, 1; A., 1924, i, 643). 
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have been measured by W. A. Both and G. Becker with the results 
summarised below. The heats of combustion are expressed in the 
usual form as kg.-cals./mol. of liquid at constant volume; the more 
exact comparison in which the values are corrected to the vapour 
state gives no significant change in the differences (A) in column 4. 


A {trans- 

Substanoe. c?*«"Form. trans^Yovm.. — cis~), Beferenco. 

Decalin. 1499*9 1495-2 - 4-7 40 

fi-Decalone . 1402*:i 1400-1 — 2-2 40 

Hydrindaiio . 1347*5 1345-7 — 1-8 21 

j3-Hydrindaiioiie . 1245 1243-9 — 1-1 2J, 23 

6ic2/cZoOctano . 1197-7 1203*8 6-1 41 

j3-5tc2/cioOctanono . 1094*1 1100-9 -j- 0-8 33 


The difference between the heats of combustion of the cis- and the 
trans-bicyclooGtane derivatives provides an experimental demon¬ 
stration of the reality of strain. This is particularly acceptable, as 
the much-quoted figures for the heats of combustion of the cyclo¬ 
propane and cycZobutano rings rest on uncertain experimental 
foundation.The values for the ci^-form of the hydrindane ring 
are a little higher than those for the trans- (the difference was 
larger in earlier experiments), which is the opposite of that expected 
on theoretical grounds. It appears that a second factor operates 
in these dicyclic substances, tending to make the c?’a-form8 less 
stable than expected from the simple tetrahedral theory. This 
factor shows itself in the decalin series in the heats of combustion 
and also in the tendency of the cis- to pass into the trans-iovni. 
This appears to be a manifestation of a general phenomenon : 
when no question of strain arises, c/5-compounds usually have a 
heat of combustion higher than that of their ^ra?i5-isomerides by 
about 2 kg.-cals., although exceptions are known.Theoretical 
explanations have been advanced.^ 

Thermochemical evidence of strain has also come from K. 
Alder and G. Stein’s study of polymeric cyclic hydrocarbons.^ 
Tetrahydro-a-dicyctopentadiene (XXVI) contains the norcamphor 
{hicyclo{l : 2 ; 2]-heptane) ring system (XXVII) fused by c^.9-valencies 

W. A. Roth and R. Lass6, Annalen, 1925, 441, 48; A,, 1925, ii, 275. 

J. W. Barrett and R. P, Linstead, unpublished; measurements by G. 
Becker. 

« M. S. Khaxasch, J. Bes, Nat. Bur. Stand., 1929, 2, 359; A., 1929, 611; 
F. Richter, Chem. Beviewa, 1932, 10, 386. 

« P. A. Vorkade, J. Coops, et ah, Annalen, 1930, 477, 279; A., 1930, 337; 
A. Wassermann, Z. phyaikal. Oism., 1930, [A], 146, 418; 161, 113; A., 1930, 
524; 1931, 42. 

** B&r., 1934, 67, [R], 613; A., 1934, 641. 

For the preparation of these and similar substances, see K. Alder and G. 
Stein, Annalen, 1932, 496, 197, 204; A., 1932, 938; ibid., 1933, 601, 247; 
604, 206, 216; A., 1933, 608, 942. 
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to a strain-free c 2 /cZopentane ring. The molecule should have a 
strain practically identical with that of transMcycloiO : 3 :3)- 
octane, Tetrahydrodicycfohexadiene has a similar general 
arrangement, but contains a c^/cZohexane ring fused in the cw'-position 
to the bicyclo{2 :2 : 2)-octane structure (XXIX) and is strainless. 

€0 (S) (})0 (D 

(XXVI.) (XXVII.) (XXVIII.) (XXIX.) 

The difference between the heats of combustion of (XXVI) and 
(XXVIII), strain being neglected, should be twice the value for 
CHg, or about 314 kg.-cals. The experimental difference^® is 
307 kg.-cals. If the figures are corrected to the vapour state, 
tetrahydrodic^/cZopcntadiene has a heat of combustion higher than 
that calculated from the value for (XXIX) by 6-3 kg.-cals. A 
similar comparison between the strained norcamphor and 

the strain-free 2 : 5-endoethylenecyclohexsinone [ketones correspond¬ 
ing to (XXVII) and (XXIX)] gives a value for the CHg group of 
151*7 kg.-cals., i.e., about 5*3 kg.-cals. less than normal. The 
correction to the vapour state is possible owing to J. Pii’sch’s 
determination of the molecular freezing-point depression constants.*"^ 
Direct comparison between camphor itself and the isomeric p-de- 
calones (vapour) shows that the former has a higher heat of com¬ 
bustion by 6—8 kg.-cals. (according to which decalone is taken), 
but here there may be some complication due to the methyl groups 
of camphor. 

To summarise : the tetrahedral theory predicts that the trans^ 
bicyclo[0 : 3 : 3]-octane and the bicyclo[l : 2 : 2]-heptane * system 
will both be strained and by the same amount. The heats of 
combustion (vapour) of substances containing these systems have 
an exaltation over their strain-free isomerides, or over values 
calculated from strain-free substances of similar structure, of 
about 6 kg.-cals. The concordance of the experimental exaltations 
mentioned above from five different comparisons may be partly 
fortuitous, but is very striking. Another satisfactory feature is 
that the heats of combustion of cis~^-bicyclo[0 : 3 : 3]-octanone and 
bicyclo[2 :2 : 2]-octanone,^ which are isomerides containing quite 
different strain-free systems, are almost identical, 1105*4 and 
1104*9.®®* 

Attention may be drawn to G. Komppa’s synthesis of bicyclo- 

« G. Becker and W. A. Roth, Ber., 1934, 67, [B], 627; A., 1934, 734. 

im.y p. 1303; A., 1934, 961. 

Ber., 1936, 68, [B], 1266; A., 1123. 

* The cis-toTm ; the trans-iorm appears incapable of existence. 
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| 2 : 2 : 2]-octanone (2 : 5-c7w?oetliylenecycZohexanone) and of 
bicyclo[2 : 2 : 2]-ootaDe (XXIX). The products were identical with 
those already prepared by the diene method,^ and the new synthesis 
confirms the structure. Compounds containing this very sym¬ 
metrical arrangement of carbon atoms, or the similarly bridged 
bicyclo\\ : 2 : 2]-heptane system (XXVII), are characterised by 
high melting points, exceptional volatility,^® and very high mole¬ 
cular freezing-point depressions.'^^' ^ bicyclo\2 : 2 ; 2]-Octanes can 
be dehydrogenated to aromatic hydrocarbons in the usual way, the 
bridge being broken.K. Alder, G. Stein, and their collaborators 
have extended their stereochemical investigation of the polymeris¬ 
ation of cyclic diolefins to the reacition of maleic anhydride with 
these hydrocarbons.‘‘’^2 work has reopened the old problem 

of the configuration of borneol and ^^oborneol, for which the 
original memoir should bo consulted. 

Sterols mid Sex Hormones, 

There has been considerable activity in the course of the last 
few years in the preparation of the aromatic dehydrogenation 
products of the sterols and similar products. During the past year 
this has spread, particularly in this country, to attempts at the 
synthesis of the actual reduced ring systems themselves. This 
work, although of exceptional interest, has not yet reached a stage 
suitable for a general report. 

Kesearch has again been active among the natural products 
themselves, particularly the sterols and sex hormones, but as the 
group has been fully reviewed in preceding years, a report of this 
field is postponed. K. P. L. 


6. Terpenes.* 

(Continued from Ann, Beports, 1932, 29, 147.) 

General, 

Recent work is emphasising the need for caution in the interpret¬ 
ation of the results of ozonisation of substances containing one of 
the common terminal groups (I) and (II), 

cm; CH;CMe- CMe;CH-CH:CH-CMe:CH-C02H 
(I.) (n.) (III.) 

« O. Diols and K. Alder, AnnaUn, 1930, 478, 137; A., 1930, 472; K. 
Alder and G. Stein, ibid,, 1934, 614, 13; A., 1934, 211. 

0*. Pirsch, Ber„ 1934, 67, [B\ 101; A,, 1934, 285. 

61 B. A. Kasansky and A. F. Plate, Ber„ 1936, 68, [B], 1269; A., 1112. 
ca Annalen, 1934, 614, 1, 197, 211; 1936, 615, 166, 186; A., 1936, 211, 
341, 219, 349, 350. 

* For a recent general account, gee J. L* Simonsen, J., 1936, 781. 
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Tho ozonisation of many liquid terpene derivatives of this type, 
such as citronellol, gives both acetone and formaldehyde, derived 
from (I) and (II) respectively.^ This has usually been taken as 
implying that the natural products are mixtures of the two types. 
The oxidation of dehydrogeranic acid, which is a crystalline solid, 
also gives anomalous results. R. S. Calm, A. R. Penfold, and 
J. L. Simonsen ^ found that the acid from natural sources (m. p. 186®) 
yielded both acetone and formic acid on permanganate oxidation. 
R. Kuhn and H. Roth, in the course of a general investigation,^ 
observed that this acid and its synthetic stereoisomeride (m. p. 137®) 
gave a comparatively poor yield {ca. 60%) of acetone on ozonisation, 
followed by treatment with permanganate. Nevertheless the 
absorption spectra of these acids indicate that both are practically 
pure (III). In view of these results Kuhn considers it possible that 
the usual preparations of citronellol, which give a maximum of 80% 
of acetone on ozonisation, are pure i^opropylidene compounds, and 
do not contain 20% of rhodinol, as previously thought. 

Another curious anomaly is that recently observed by A. E. 
Bradfield, A. R. Penfold, and J. L. Simonsen ^ in the oxidation of 
a-santalylmalonic acid (IV or V; for full formula, see p. 328). This 
substance ;\'iclds tricyc/oekasantalic acid (VI) on ozonisation, but the 
keto-aeid (Vll) on oxidation with alkaline permanganate : 

ChH,7-COoH .<— CiiHi7*CH:CMe-CH2-CH(C02H)2 
(VI.) (IV.) 

CiiHi 7-CH2-C-CH2-CH(C02H)2 —>. CnHi/CH2*C0-CH2-CH(C02H)2 
CH 2 (V.) (VII.) 

Tliese results point to formiilaB (IV) and (V) respectively for the 
parent acid, which is, however, a well-defined crystalline solid. 
It is suggested that the double bond is mobile under the conditions 
of oxidation or even merely on solution, which recalls A. Verley’s 
views on the ozonisation of the acyclic terpenes.® Further experi¬ 
mental work in the field is necessary before a final explanation 
can be reached. G. R. Clemo and J. M. MacDonald's results ® 
emphasise that only quantitative estimation of formaldehyde can 
be taken as proving the presence of a vinyl group in terpenes and 
similar compounds. 

1 E.g.f V. Grignard and J. Do&uvro, Oompt. rend,^ 1928, 187, 270, 330; 
J. Doouvxe, Bull. Soc. chim., 1929, [iv], 46, 362; A., 1928, 1118; 1929, 642. 

2 J., 1931, 3134; A., 1932, 144. 

* Ber., 1932, 65, [B], 12; A., 1932, 1111. 

4 J., 1936, 311; J., 766. 

« B.g., Bull Soc. cUm.y 1928, [iv], 48, 854; A., 1928, 1139. 

« J., 1936, 1294; A., 1390. 
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Percamphoric acid has been introduced as a substitute for 
perbenzoic acid in the estimation of double bonds in unsaturated 
compounds. It appears to be more stable than the older reagent, 
but cannot be used when the double bond is in the ap-position with 
respect to carboxyl, carbonyl, or a similar group. 

Selenium dioxide, originally introduced as an oxidising agent 
by H. L. Riley,® has been applied to a number of oxidations in the 
teipene field. The following conversions have been recorded : 
a-pinene —> verbenone a-pinene —>- myrtenol and myr- 

tenal nopinene —pinocarvone camphor —^ camphor- 

quinone borneol —^ camphorquinone menthones —>- 

menthenones a-phellandrene —y cumaldehyde piperitone 

—> thymol. 

Monoterpene Group. 

Menthols. —Of the substances related to the terpenos, the men¬ 
thols and menthones are among those most fully studied from the 
stereochemical side. The thorough investigation of these substances 
by J. Read and his co-workers has now led to the isolation of all 
the four possible series of menthols and menthylamines. Extending 
the earlier studies of Beckmann, Pickard and others. Read examined 
the reduction of piperitones (VIII),* which yielded mixtures of 
menthone and t^omenthone (IXa and 6), related as cis4rans- 
isomerides.^® Corresponding to each of these ketones there are two 
resolvable alcohols (type X), menthol and neomenthol from men¬ 
thone, ^^omenthol and neo^5omenthol from ^^omenthone. The 
two series can be separated (i) by reduction of the ketones to the 
alcohols, best by Ponndorf’s method,^®' and purification through 

’ N. A. Milas and A. McAlevy; N. A. Milas and I. S. Cliff, J. Amcr. Chem. 
Soc., 1933, 65, 349, 352; A., 1933, 279. 

® For recent general work, see J., 1936, 901; A., 1231. 

• E. Schwenk and E. Bergwardt, Ber., 1932, 66, [J?], 1601. 

G. Dupont, J. Allard, and R. Dulon, Bull. Soc. chim., 1933, [iv], 63, 
699; A., 1933, 1166. 

G. Dupont and W. Zacharewicz, ibid., 1936, [v], 2, 633; A., 624. 

W. C. Evanjs, J. M. Ridgion, and J. L. Simonsen, J., 1934, 137; A., 
1934, 299. 

« J. AUard, Bull. Inst. Pin., 1934, 127; A., 1934, 1106. 

E. Bergwardt and E. Schwenk, J. Amer. Chem. Soc., 1934, 56, 1185; 
A., 1934. Ill; J. Tabuteau, Compt. rend., 1935, 200, 244; A., 624. 

For a summary of the earlier work, see J. L. Simonsen, “ Terpenes,” 1, 
201 (1931); J. Read, Chem. Reviews, 1930, 7, 1. 

W. Ponndorf, Z. angew. Chem., 1926, 39, 138; A., 1926, 620. 

O. ZeitBchel and H. Schmidt, J?er., 1926, 69, 2298; A., 1926, 1250; 
J. pr. Chem., 1932, 133, 366. 

♦ d^-Piperitone has recently been synthesised by J. Walker (J., 1936, 
1685). 



LINSTBAD ; TBRPBNBS. 


319 


the hydrogen phthalates or by competitive esterification; or 
(ii) by reduction of the oximes of the ketones to menthylamines, 
separation of these as salts, and conversion into menthols. The 
pure alcohols can be oxidised back to the ketones without change 
of configuration. 



(VIIL) (iXa.) (IX?;.) (X.) 


In the earlier work both menthones and three of the menthols 
(menthol itself, isomenthol, and neomenthol) were obtained in both 
active and racemic forms in a state of purity, dl- and eZ-Neowo- 
menthol have now been obtained puie from dl~ and l4so- 
monthone respectively by Ponndorf reduction and separation of 
the alcohols by competitive esterification. They have also been 
isolated from the mixture of alcohols obtained by the hydrogenation 
of dl~ or Z-piperitone by purification tlirough the hydrogen phthalate 
and the compounds with phosphoric acid.^^ H. Schmidt and 
L. Schulz 21 also have described the j)reparation of a neowmenthol 
by reduction of d-i5omenthone, either catalytically or by means of 
aluminium ethoxide, which causes some inversion. Their specific 
rotation (a^ — 0° 20') differs slightly from that found by Read (below). 
The configuration of these substances has been discussed by 
J. Read and W. J. Grubb.Following up earlier experiments by 
G. Vavon and A. Couderc,^^ they examined the ease of reaction 
between the menthols and various nitrobenzoyl chlorides. The 
reaction velocities with ^-nitrobenzoyl chloride on a comparative 
basis are : menthols, lG-5; i^omenthols, 12*3; neoZ^omenthols, 3*1; 
neomenthols, 1-0. If steric hindrance is the determining factor in 
these esterifications, the hydroxyl group must be cis- to Z<sopropyl 
in the unreactive neomenthols. A survey of the evidence 22 has led 
to the following configurations, which correct earlier schemes : 2 ^ 

Me-f-H Me—r~H Me—p-H Me-p-H 

HO i H H- -OH HO-H H~j-OH 

Pr^-~^H H-^Pr^ 

18 J. Read and W. J. Grubb, J., 1934, 313; A., 1934, 528. 
i» Idem, J. Soc. Cliem. Ind., 1934, 63, 52t; A., 1934, 413. 

Of. J. W. Blagden and W. E. Huggett, J., 1934, 317; A., 1934, 528. 

«i Ber, Schimmel, 1934, 97; A,, 1935, 349. 

22 J., 1934, 1779; A., 1935, 88. 

28 Compt, rend,, 1924, 179, 405; A,, 1924, i, 1210. 

2« J. Read et ah, J., 1927, 2170; 1980, 2761; A,, 1927, 1080; 1931, 228. 
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The alcohols derived from menthone contain the alkyl groups in 
the fm7^5-position. The physical constants of these substances and 
the specific rotations of the associated menthylamines,^®* tabu¬ 
lated below, show interesting relationships : 


Neo- iso- 

Menthols, menthols. Menthols. Noo^wmonthols. 

M.-p.oi dl- . 35° to 38° 53° 53-5° 14° 

M. p. of d- OT 1‘ ... 42 to 43 ~ 22 82-5 — 8 

fa]D of menthols ... — 49-6 + 20*7 25-9 2-2 (in alcohol) 

[a]D of monthyl- 

amines. 44*5 ~f- 15-1 -j- 29-0 -1- 2*3 (homogonoons) 


These configurations differ from those assigned by O. Zeitschel 
and H. Schmidt,mainly on the basis of the greater ease of dehydr¬ 
ation of menthols of the neo-series to A^-menthene. Read regards 
this as a elimination of water. His views are supported 
by the fact that the monobenzoate of fmn5-cycZohexanc-l : 2-diol 
(the configuration of which follows absolutely from its optical 
resolution) reacts more readily with nitrobenzoyl chlorides than 
does the corresponding derivative of the c?‘5-diol. It is, however, 
difficult to arrive at a final solution of such problems by chemical 
methods. 

A similar study of the carvomenthono series has now been 
commenced by J. Read and R. G. Johnston.^^ The aims and 
methods are essentially the same, and the full study of the carvo- 
menthones (XI) and carvomenthols (XII) has involved an examin¬ 
ation of the corresponding unsaturated compounds, the carvones 
(XIII), carveols (XIV), and dihydrocarveols (XV). The entry 
into the iso-series comes in this case from the reduction of natural 
d-carvone, which yields a mixture of i-carvomenthono and l-iso- 
carvomenthone. Both saturated ketones and three of the alcohols 
have been obtained optically pure and many erroneous data have 
been corrected. 



(XI.) (XII.) (XIII.) (XIV.) (XV.) 


Hydrogenation of unsaturated compounds has also been used by 
H. Schmidt and L. Schulz in an investigation of the stereo¬ 
isomerism of the pinocampheols and pinocamphones. In this case 

N. A. B. Wilson and J. Read, J., 1935, 1269; A„ 1493. 

H. G. Derx, Bee, trav. chim,, 1922, 41, 312; A*, 1922, i, 651. 

1934, 226, 233; A., 1934, 413, 414; J„ 1935, 1138; A., 1245. 
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d- and Z-pinocarveols yield cis-d- and Z-pinocampheols. In all, two 
racemic and four active pinocampheols have been isolated, which 
on oxidation give the corresponding pinocamphones. 

J. Walker and J. Read have re-examined the catalytic hydro¬ 
genation of diosphenol (XVI), obtained by the oxidation of men- 
thone, which G. Cusmano and R. Boccucci had shown to yield 
3-hydroxycarvomenthone (XVII) in the presence of platinum- 
black. This was converted into carvomenthone (XI). By 
reducing (XVI) with colloidal palladium, Walker aiid Read obtained 
the keto-alcohol (XVTII), convertible into A^-menthen-3-one (XIX) 
and ])ipcritone (VIII), both of the month one series. 


Me Me Me Me 



(XviL) (XVI.) (xvm.) (VIIT) (XIX.) 

These changes show that diosphenol can act as a turntable ” 
between the menthoiie and the carvomenthone group ; this may be 
of biological significance. 

Attention may be drawn to J. Clark and J. Read^s attractive 
process whereby a small amount of an active menthol can bo 
used autocatalytically for the resolution of an indefinite amount 
of (Z^-menthol. A siniilar method has been used for the purification 
of crude d- and Z-borneols. Z-Mandelic acid also has been employed 
for the resolution of <^Z-menthol.^^ 

Carencs .—Three gaps in the chemistry of the carene group have 
been filled by J. Owen and J. L. Simonsen. Homocaronic acid has 
been synthesised in cis- and irans-ionns, the cu'-modification 
being identical with the acid obtained by the oxidation of d-A^- 
carene. Synthetic trans-dUcsj'onic acid has been resolved by 
means of the nor-j/»-ephedrines into the d- and the ^-forrn, the 
latter of which is identical with the acid obtained by the oxidation 
of d-A^- and A^-carenes, and also by the oxidation of chrysanthemum 
mono- and di-carboxylic acids.^ cis'-d/-3-Carboxy-I : 1-dimethyl- 
C2/cfopropane-2-propionic acid had been synthesised by Owen and 

J., 1934, 238; .4., 1934, 414, 

Gazzetta, 1923, 53, 649; A., 1923, i, 1214. 

J., 1934, 1773, 1776; A,, 89; cf. 3. Read and W. J. Grubb, J. Soc. 
Chijn, Ifid,, 1932, 61, 329t; J., 1933, 167; d., 1932, 1139; 1933, 397. 

31 A. McKenzie and (Miss) E. M. Luis, J., 1934, 715; A., 1934, 777. 

32 J., 1933, 1226; A., 1933, 1160. 

33 J. Owen and J. L. Simonsen, ibid., p. 1223; A., 1933, 1160. 

3^ H. Staudinger and L. Buzicka, Helv. Chim. Acta, 1924, 7, 201; A., 1924, 
i, 510. 
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Simonsen.^^ They have now resolved the acid®® and identified 
the d4ovm with one of the oxidation products of (Z-A^-carene. 

Pyrolysis of cx.-Pinene ,—It has long been known that a-pinene is 
decomposed at high temperatures with the formation of dipentene, 
various aromatic hydrocarbons, and a diterpene. B. A. Arbusov ®®' ®’^ 
has now found that a-pinene, passed over glass or various metallic 
surfaces, at about 350"^, yields some 25% of an acyclic terpene. 
This is identical with aWoocimene (XX), a substance allied to myrcone 
and obtained by boiling the unstable natural terpene, ocimene. 
aiJZoOcimene has been synthesised ®® from mcthylheptadienone 
(XXI) by condensation with a-bromopropionic ester and zinc. 
The p-hydroxy-acid (XXII) obtained by the hydrolysis of the pri¬ 
mary condensation product gave a good yield of aZZoocimene on 
heating. This is an interesting example of the readiness with which 
unsaturated p-hydroxy-acids are decarboxylated. According to 
F. G. Fischer and K. Lowenberg ®® a p-lactone may act as an inter¬ 
mediate. 


CH — CH CH---CH 

CMearCH/ \cOMc —^ CMe\CMc-OH 

dHMe.CO,H 

/CH=;CH. 

—> CMejICH/ >CMe (XX.) 

CHMe-^ 


The identity of the three samples of aWoocimene from natural 
sources, from synthesis, and from pinene has been rigidly estab- 
Ushed by preparation of the additive compoimds with maleic- 
anhydride and with a-naphthaquinone.®^' ®^ The conversion of 
a-pinene into alloooimene does not pass through the stage of 
dipentene, the route suggested by Arbusov being as follows : 



The pyrolysis of various terpene derivatives at 560® under 
reduced pressure, including that of carveol, menthoglycol, ^sopulegyl 
acetate, and isoamyhsopulegol, has been studied by J. Doeuvre.^ 

3® J., 1932, 1424, A., 1932, 739. 

J. Gen. Chem. Eiissia, 1933, 3, 21, 28; A., 1933, 717. 

37 Ber., 1934, 67. [B], 563, 669; A., 1934, 668; cf. G. Dupont and R. 
Dulou, Convpt. rend., 1935, 201, 219; A., 1127. 

38 Bcr., 1933, 66 , [B], 669; A., 1933, 592. 

B. A. Arbusov, Ber., 1934, 67, [B], 1946; A., 1935, 89. 

Btdl. Soc. chim., 1933, [iv], 68, 170, 589; 1934, [v], 1, 198; A., 1933, 
612, 1064; 1934, 897. 
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Santene Oroup .—Santene (C 9 HJ 4 ) and santenol (CgHigO), which 
can be isolated from East Indian sandalwood oil, are of particular 
interest in that they contain one carbon atom less than other mono- 
tei:penes and thus constitute an exception to the isoprene rule. 
It seems very probable, however, that they are secondary products 
derived from more complex associated compounds found in the 
same oil, for example, santalol or teresantalic acid (see p. 327). 

There has been considerable synthetic activity in this group 
during the last four years, with the result that the structures of 
santene, santenone, and a-santenol are now firmly established. 
Early synthetic work by G. Komppa and L. Ruzicka involved 
Wagner rearrangements. The first direct synthesis was that of 
0. Diels and K. Alder,based on the diene reaction, cych- 
Pentadiene was condensed with crotonaldehyde to the aldehyde 
(XXIII), which after reduction was converted into the enol acetate 
(XXIV) and thence by ozone into 6 -methylnorcamphor (XXV). 
This could also be prepared by methylation of norcamphor, which 
had been synthesised similarly from acraldehyde.^^ On treatment 
with methylmagnesium iodide, (XXV) yielded ‘‘ y-aantenol ’’ 
(XXVI), not identical with natural santenol or the known santene 
hydrate. This was dehydrated to santene (XXVII) and thence 
cionverted by the Bertram-Walbaum reagent into a-santeuol 
(XXVIII), both identical with the natural products. 


-^M.e 
8 

(XXlll.) 


"""CHO 


/!^Me 
‘■“VMe 
(XXVI>«II 


OIJJ 


'I Me 


J/^CH-OAc 

(XXIV.) 




iMe 

j/*” 

(XXVII.) 


chJ 

(XXV.) 

Me 

OH 


MfCn 

\i/ 

(XXVIIT.) 


0. Aschan had shown that the oxidation of natural santenol or 
santenone yielded santenic acid. The constitution of this has 
now been established by independent synthetic work by T. Enk- 
vist and G. Komppa.^^* Both workers used a modification of the 
Komppa synthesis of camphoric acid, starting with ^-methyl- 

« Annalcn, 1931, 486, 205; A., 1931, 849. 

Further methylation yielded 6 : 6-dimethylnoroainphor (camphenilone), 
and as this can be converted in turn into campheno, t-sobomool, and camphor, 
a new synthetic route to these substances is opened up. 

« Finska Kem. Medd,, 1932, 41, 74, 85; J, pr. Chem., 1933, [ii], 137, 261; 
A., 1933, 273, 822. 

« Ber., 1932, 65, [B], 1708; A., 1933, 70. 

** G. Komppa and W. Bohrmann, ibid,, 1934, 67, [B], 828; A., 1934, 889. 
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glutaric ester. This was condensed with oxalic ester to the diketo- 
ester (XXIX); tlie s^Tithesis then followed the stages shown 
below : 


OH-C^O.^Et 


'94hm<. “?4. 


OHMe , 

ocxi 00\, 

CH-CO.,Et 
(XXIX.) 


CH-COaEt OH-COaH 


iHMe -> CHMo -> 

0C1\J 

CMo-OOgEt 'CMe-CO„H 


OCO 2 H 

CMo*C^OoH 

(XXX.) 


Catalytic reduction of (XXX) yielded «iZoHantenic acid,^® isomeric 
with santenic a(nd from natural sources. Both are c?.s-acids 
convertible into anhydrides and into the respective /ra/ics-iso- 
merides.'^^ If a double bond is introduced into “ natur<al ” santenic 
acid by bromination and debydrobromination, santenenic acid 
is formed (Aschan). On reduction, this yields mainly (c?‘.s-) alio- 
santenic acid, identical with the synthetic product. Enkvist 
therefore gives ‘‘ natural ” and a7io-santenic acids the formulaj 
(XXXIa and h). The inversion through santenenic acid shows 
that this is (XXXIT). The synthetic acid is probably (XXXlft), as 
it yields an anhydride more readily than does the “ natural ” aoid.^**^ 



^COs>H 

(XXXIa.) 


\T ^ 

^ .'Me 

•< 


'Me 
(XXXI/k) 


—C 02 H 

—Me 

,^M0 

^COgH 

(XXXll.) 



Synthetic aZ^osantenic acid can be converted into santenenic acid 
(XXXII) by bromination and removal of hydrogen bromide. 
‘‘ Natural ” santenic acid has been isolated as a by-product in the 
reduction of santenenic acid and has thus been completely syn¬ 
thesised.'*® Aschan’s i.sosantenic acid obtained from a-santenol is 
a mixture of {cis-) santenic and aZtosantenic acids.*® 

By applying the classical method, used by Haller for the syn¬ 
thesis of camphor, to cis-santenic anhydride, T. Enkvist has 
sjmthesised homosantenic acid (XXXIII; leaflets, m. p. 165°) and 
santenone (XXXIV). The ring fission of the ketone to homo¬ 
santenic acid was also achieved by methods successful in the camphor 
series.*® A synthesis of homosantenic acid from Isevulic ester, 
resembling Ruzicka’s synthesis of fenchone, has been reported.*’ 

Called cis-?‘5osanteiiic acid by Komppa, but the prefix alio (Enkvist) 
seems preferable, as the name ^«osantonic acid has already been used by 
Aschan in another connection. 

S. C. Sen-Gupta, J. Indian Chem. Soc., 1933, 10, 341; A., 1933, 1049. 
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The product (needles, m. p. may be a stereoisomeride of 

Enkvist’s acid. 


(JH-CHa-COaH 


4 


HMe 


CMe-COaH 

(xxxm.) 


OH 



(XXXIV.) 



^COMe 

2/COMe 



CMe-OH 

CMe-OH 


(XXXV.) 


The structural position has been further consolidated by L. M. 
Mohunta and J. N. Ray's elegant synthesis of santene glycol 
(XXXV) from W. H. Perkin’s aa-diacetyladipic ester. The disodio- 
compound of this ester was condensed with methylene iodide, and 
the produet hydrolysed to 1 :3-diacetylcycZopentane (XXXVl). 
This on reduction with aluminium amalgam yielded the glycol 
(XXXV), identical with that obtained by gentle oxidation of 
santene. Various reactions in the santene series involving 
rearrangement of the carbon skeleton have been studied by G. 
Komppa and G. A. Nyman.^® 


Sesquiterpene Group, 

CaryopTiyllenes .—The three isomeric hydrocarbons of this name 
o( 5 cur in oil of cloves.^ Ozonisation of the mixture, followed by 
treatment with nitric acid, had given F. W. Semmler and E. W. 
Mayer a liquid acid which L. Ruzicka, J. C. Bardhan, and A. H. 
Wind had separated into impure caryophyllenic acid, C 9 HJ 4 O 4 , 
and a. norcaryophyllenic acid, CgHi 204 , m. p. 145—150°. Further 
investigation of these substances by the schools of L. Ruzicka and 
J. L. Simonsen has given important results. W. C. Evans, G. R. 
Ramage, and J. L. Simonsen oxidised y-caryophyllene with 
potassium permanganate, followed by nitric acid, to a mixture of 
as-dimethylsuccinic acid, d-norcaryophyllenic acid, C 8 H 12 O 4 , m. p. 
125—127°, and caryophyllenic acid, C 9 HJ 4 O 4 , m. p. 80—81°. 
Essentially the same substances were obtained by L. Ruzicka and 
W. Zimmermann ^ by a repetition of the ozonisation experiments, 
and it was recognised that norcaryophyllenic acid was not a norpinic 
acid. Norcaryophyllenic acid yielded a dibromo-compound and 
therefore contained two a-(CH) groups.®^ Bromination and 
elimination of hydrogen bromide yielded dehydronorcaryophyllenic 
acid, C 8 H 10 O 4 , m. p. 194°.®^' ^ L. Ruzicka ^ proposed formulae 

<8 J., 1934, 1328; X., 1934, 1226. 

Annalen, 1936, 517, 105; 618, 204; A., 865, 983. 

Early work in this field is summarised by J. L. Simonson, op, cAi,^ II, 513. 

51 Ber,, 1911, 44, 3657; A., 1912, i, 120. 

5a Helv. Chim. Ada, 1931, 14, 423; A„ 1931, 734. 

J., 1934, 1806; A., 1935, 90. 

5* Helv, Chim, Ada, 1936, 18, 219; A,, 361. 
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(XXXVIa or b) for caryophyllonic acid and (XXXVII) for nor- 
caryophyllenic acid : 


MegQ—CH-CHg-COgH 
HgC-CH-COgH 
(XXXVIa,) 


MegO—CH-COgH 
HgC—CH-CHg-COaH 
(XXXVI6.) 


(XXXVII.) 


MegC^CH-COaH 
HgC—CH-COaH 


MeaC—C-COaH 
HaO-C-COaH 


(XXXVIII.) 


The relationship between caryophyllenic acid and its lower liomo- 
logue was established by G. R. Ranaage and J. L. Simonsen by a 
degradation similar to that of pinic acid effected by Baeyer. In 
the same paper, dehydronorcaryophyllenic acid was shown to have 
formula (XXXVIII) by ozonisation to a'-keto-aa-dimethylghitaric 
acid. The formula (XXXVII) and (XXXVIII) have been con- 
firmed by H. N. Rydon^s synthesis of dehydronorcaryophyllenic 
and d/-norcaryophyllenic acids, the latter being identical with 
an inactive acid, m. p. 148—149°, isolated by Ramage and Simonsen 
during the preparation of the dehydro-acid. The stereochemistry of 
norcaryophyllenic acid is not yet clear. The ‘‘ natural ” (Z-acid, 
m. p. 125—127°, is presumably m-, as it gives a liquid anhydride, 
from which it is regenerated,but Ruzicka and Zirnmermann 
state ^ that the action of acetic anhydride at 220° on norcaryo¬ 
phyllenic acid yields a solid anhydride which gives an acid of 
m. p. 149—150°. H. N. Rydon has isolated two distinct (cu- 
and trans-) racemic acids, both of which melt at about 149°. It 
seems probable to the Reporter that Ramage and Simonsen’s inactive 
acid (148—149°) is the fmns-acid, and Ruzicka and Zimmermann’s 
the dUcis-3i,cidy having been racemised during the formation of the 
anhydride. 

The structure of the rest of the caryophyllene molecule is not yet 
certain. For the principal constituent of the natural terpenes (p-iso- 
meride), L. Ruzicka has proposed formula (XXXIX), which explains 
the formation of the above acids and the step-wise degradations 
studied by himself and A. H. Wind.®® The ozonolysis of p-caryo- 
phyllone nitrosite also can be explained on this basis, although 
G. R. Ramage and J. L. Simonsen point out that formula (XL) 
is equally satisfactory. A number of difficulties remain to be 
explained, including the isomerisation of caryophyllene to the 


J., 193.5, 532; A., 766; cf. idem, Ohem. and Ind., 1936, 54, 151; A,, 489. 
6® Chem. and Ind., 1935, 54, 657. 

Private communication. 

68 Chem, and Ind,, 1935, 54, 609; A., 866. 

6» Helv. Chim, Acta, 1931, 14, 410; A., 1931, 734. 

66 J., 1936, 1681. 
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tricyclic clovene, which can be oxidiBed to the remarkably stable 
clovenic acid (C15H24O4) without loss of carbon.®^ 



/CMelCHg 

KJyCH. 

Meg^—9 9Me 

HgC— CH Clig (XL.) 


CHa 


Santalols and JSantalenes .—East Indian sandalwood oil contains 
two sesquiterpenes, a- and P-santalenes, and two important 
sesquiterpene alcohols, a- and p-santalols. The a-compounds are 
tricyclic and their structure (Type XLI) has been established 
mainly by Semmler. They can be degraded to teresantalic acid 
(XLI; K = CO 2 H), which is itself present in sandalwood oil. 


Me 

/|\/Me /|\ a-Santalol, E - [CHglg-CHIOMe-CHg-OH 

I cu.l^Me or iMe o-R I a-Santalene, R === [CH 2 l 2 *CH‘CMe 2 

\\7^R \i7 

(XLIff.) (XLI6.) 

[These are different projections of the same formuia.^^j 


The structure of teresantalic acid has now been confirmed by its 
conversion by T. Hasselstrom into dihydroteresantalic acid, 
identical with his synthetic 7-7r-apocamphanecarboxylic acid 
(XLII). This was accomplished by fission of the cyclopropane ring 
with hydrochloric acid, followed by reduction with sodium and 
alcohol, or through the lactone (XLIII) of F. W. Semmler and 
K. Bartelt,®^ as follows : 


(XLI) 

(E = COgH) 



(XLIV.) 


(XLII.) 


R. D. Blair, J., 1935, 1297; A., 1375. 

** L. Ruzioka and M. Stoll, Helv, Chim. Acta, 1922, 5, 928; A., 1923, i, 
119; cf. Ann. Reports, 1927, 24, 121. 

« J. Amer. Chem. Soc., 1931, 53, 1097; A., 1931, 626. 

«* Ber., 1907, 40, 4465; A., 1907, i, 1062. 
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Teresantalic acid has been S 3 aithesised from ^5oketopmic acid 
(XLIV) by oxidation of the hydrazone with mercuric oxide in 
alcoholic potash. The tsoteresantalic acid of H. Rupe and W. 
Tomi is now regarded as a structural rather than a stereo- 
isomeride.®^ 

P-Santalol and p-santalene are closely related to the isomeric 
a-compounds, but are dicyclic. Their structure is still unsettled, 
though considerable progress has been made. A. E. Bradfield, 
A. R. Penfold, and J. L. Simonsen have separated pure a- and 
p-santalol from the oil from Santalnm album and have confirmed the 
fact that they contain the same fundamental structure. a-Santalol 
was converted through the chloride into a-santalylmalonic ester 
and acid [XLI; R = “(CH2)2*CH:CMe-CH2*CH(C02H)2], which 
on hydrogenation and decarboxylation yielded dihydro-a-santalyl- 
acetic acid (XLV). The c^cZopropane ring in this compound 
was reduced by successive treatment with hydrogen bromide and 
sodium in alcohol, the product being tetrahydrosantalylacetic acid. 
By analogy with T. Hasselstrom’s synthesis this is given formula 
(XLVI), bond c being broken.®® 


[X = ”(CH2)3-CHMe*(CH2)2-C02H] 

) 

By similar treatment, p-santalol yielded p-santalylmalonic acid, 
which on hydrogenation and decarboxylation gave the same dicyclic 
acid (XLVI). Bradfield, Penfold, and Simonsen give p-santalol the 
formula (XLVII), since the double bond cannot be attached to the 
bridge-head. 

Me 

equivalent 
to 

(XLVIIa.) 

L. Ruzicka and G. Thomann’s experiments,on the other hand, 
Y. Asahina, M. Ishidate, and T. Momoso, Bcr., 1935, 68, [B], 83; A., 

350. 

«« Ibid., 1916, 49, 2563; A., 1917, i, 138. 

J., 1936, 309; A„ 316. 

There is a slight error in Bradfield, Penfold, and Simonson’s paper (loc, 
cit., p. 311). It is stated that fission of bonds a and b in (XLV) would lead 
to structurally identical but enantiomorphous substances. Actually the 
substances so formed would be cf>-^mn«-isomerides, not enantiomorphs. 
This does not affect the main argument. 

Helv, Chim. Acta, 1935, 18, 355; A., 626. 



Me [X - •(CH 2 ) 2 -CH:CMe-CH 2 -OH 
<3Ix p-santalol] 


(XLVII6.) 


Me Me 



(XLV.) (XLVI. 
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have led to a different conclusion. F. W. 8emmler had degraded 
p-santalene to ^^icycZoekasantalic acid, C'laHjgOg. Ruzicka and 
Thomann ozonised this to a keto-acid, CiiH^gOa (XLVIII), and a 
lactonic acid, (XLIX). The second of these was also 

obtained by direct ozonolysis of crude santalol or santalene, both 
rich in p-compounds (this actually appears to provide the first 
evidence that p-santalol is a hydroxy-derivative of p-santalene). 
The p-series of compounds is therefore given the basic formula 
(L) and the degradation is interpreted as follows : 


PH, 


MeCX 

V 


equiv¬ 
alent to 


|"•LMe 


(L«.) (lA) 


CHa 


|CO 

Lmo ^ 

CH2-C0,H 


(XLVIII.) 


go 

CHj O 

P-CHo-CH. 
Me Xo,H 

(XLIX.) 


|X - •(CH2)2*CH:CMe-CH20H, p-santalol. 

X --- •(CH 2 ) 2 -CH:CMe 2 , p-santalene. 

X ™ ’( 0112 ) 2 * 00211 , ^^'cycZoekasantalic acid.] 


Ruzicka and Tliomann draw a suggestive analogy between this 
ozonolysis and that whereby camphene (LI) is converted into 
camphenilone (LIT) and dimethylnorcampholide (LID). On this 
basis, a- and p-santalenes stand in the same relationship as tri- 
cyclene and camphene. 


CH, 

'MC2 


/iNoo 


CH, 


Me., 



(Me. 


^Me 

/Mo 

^X 


(LL) 


(Lll.) 


(LIII.) 


(J.IV.) 


The Simonsen and the Ruzicka formula (XLVII and L) thus 
contain the same carbon skeleton, but differ in the arrangement of 
the double bond and rings. If Ruzicka's formula for p-santalol 
were correct, tetrahydrosantalylacetic acid would be of type (LIV). 
This would mean that the ci/cZopropane ring of dihydro-a-santalyl- 
acetic acid would open in a different manner from that of tere- 
santalic acid. There seems to be no reason why this should happen 
and it does not appear possible to reconcile the two sets of experi¬ 
ments except by postulating either that both forms are present or 
that the initial material of the two investigations was different. 

Cedrene .—Interest in this tricyclic sesquiterpene has been 
reawakened by the experiments of W. Treibs.^^ The most important 

70 Ser., 1907, 40, 3323; A., 1907, i, 781. 

7» C. D. Harries and J. Palm4n, ibid,, 1910, 43, 1432; A,, 1910, i, 497. 

72 Ibid,, 1936, 68 , [B], 1041; A,, 983. 
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new results are (i) that cedrene, passed over nickel at 420—450®, 
gives some 30% of p-cymene; and (ii) that oxidation of cedrene with 
permanganate, followed by nitric acid, yields trimethylsuccinic 
acid and an acid, probably but not certainly camphoronic acid. 
From these facts and those already known, Treibs has proposed 
formula (LV) for cedrene. This, however, is not acceptable, as 
pointed out by W. F. Short,for it does not accommodate the 
degradation of norcedrenedicarboxylic acid to cedrenecamphoric 
acid (C 10 H 16 O 4 ), observed by L. Ruzicka and J. A. van Melsen,"^^ 
which involves a loss of three carbon atoms. Short has advanced 
formula (LVI). The evidence has been reviewed by R. Robinson 
and J, Walker,who have proposed formulie (LVII) and (LVTIl), 
the second of whicih appears the most acceptable of those in the 
field. 



(LV.) 



(LVI.) 



(Lvir.) 



(Lvm.) 


Formula (LVI) requires that cedrenecamphoric acid should be 
identical with camphoric acid or a stereoisomeride; formulae 
(LVII) and (LVIII) that it should be a methylpinic or a dimethyl- 
norpinic acid respectively. As Ruzicka's acid was a liquid, the first 
of these possibilities is unlikely; neither of the other acids is 
available for comparison. 

R. P. L. 


7. Heterocyclic Compounds. 


Nitrogen Ring Compounds, 

A. Treibs and D. Dinelli ^ have settled a point which has long 
caused difficulty, namely, the position of the double bond in 
pyrroline (obtained by reducing pyrrole with zinc or iron and acetic 
acid). They find that ozonolysis of pyrroline hydrochloride in 
aqueous solution, followed by oxidation with hydrogen peroxide, 
gives iminodiacetic acid (I), thus establishing beyond doubt that 
pyrroline is (II). 


(II.) 



9O2H 9O2H 



(I.) 


73 Chem. and Ind., 1935, 64. 874; A„ 1376. 

74 Annalen, 1929, 471, 40; A„ 1929, 932. 

7» Chem, and Ind., 1936, 64, 906, 946; A,, 1603. 
4 Armalm, 1936, 617, 170; A,, 888. 
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The course of the reduction of substituted pyrroles is, however, 
determined by the nature of the substituents present. For instance,^ 
the product of the reduction of 4-phenyl-2-methylpyrrole (III) 
by iron (or zinc) and acetic acid is (IV), since it is identical with 
the product obtained by the reduction of methyl y-nitro-p-phenyl- 
propyl ketone (V). 



—> 


CH,^-^CHPh 


(in.) (IV.) 


(^H2—9HPh 
MeCO CHo 

(V.) 


During the scission of additive compounds of type (VI) by means 
of alkali, yellow to red intermediate compounds are formed, and are 
isolable when cold alkali carbonate is used. These compounds 
are given ^ the enol-betaine ” structure (VII). 

M. Domiriikiewicz,^ from a study of some acylation reactions 
with hexamethylenetetramine, concludes that this substance has 
the structure (VIII), but this appears to be at variance with JC-ray 
(‘vidence,^ which supports the usually accepted formula due to 
P. Duden and M. Scharff.® 




V/ 

N-CHa-COR 

Halogen 

(VI.) 



®N GO NcHg/ ^CH/^ 

ch:cr (viii.) 

(VIL) 


Alkaloids, 

Pilocarpine. —c/Z-Pilopic acid (two forms) (1) was synthesised l)y 
A. E. Tschitschibabin and N. A. Preobrashenski,! who, having 
shown that JowetPs pilopic (pilopinic) acid is configuratively 
related not to pilocarpine but to i^opilocarpine, named it d4so- 
pilopic acid, reserving the name d-pilopic for the labile acid cor¬ 
responding to the labile pilocarpine. K. N. Welch ^ independently 
synthesised dZ-pilopic acid by a different process. Some time ago,^ 

^ A. Sonn, K. Podschus, K. Schiitzlor, and G. Stephaui, Per., 1935, 68, 
[PI, 148; .4., 355. 

8 F. Krohnke, ibid., p. 1177; A., 987. 

* Arch, Chem. Fann., 1936, 2, 78; A., 762. 

8 R. G. Dickinson and A. L. Raymond, J. Amer. Chem. Soc., 1923, 45, 
22; A.t 1923, i, 308. See also H. W. Gonell and H. Mark, Z. physikal. Chem., 
1923, 107, 181; A,, 1924, i, 150. 

8 Annalen, 1896, 288, 218; A., 1896, i, 122. 

1 Per., 1930, 63, [P], 460; A., 1930, 462. 

* J,, 1903, 83, 463. » J., 1931, 1370. 

* N. A. Proobrashenski, A. F, Wompe, V. A. Preobrashenski, and M. N. 
Schtfichukina, Ber„ 1933, 66 , [B], 1636; A., 1933, 1311. 
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<i-homopilopic acid was used as a starting point for the synthesis 
of pilocarpine, and recently ® d-homopilopic acid has been synthesised; 
so the complete synthesis of the alkaloid (II) has been effected: 


(pHEt-CHg-COgR 


COgR 


9HEt-9H-C02R 

CO„R CHO 


CHEt-CH-COaR 

--;H — 

i 

d-pilopic acid ^ CHEt—CH-COaH ^ CHEt—CH-COaR 
(•COaH) ^ CO-O-CH, ^ 60-O-CH. 


COaR CHa-OH 


i 


(I.) Stable and 
labile forms. 


chlo'nde ^-^OCl) —^ diazomethyl d-pilopoyl ketone (•CO'CHNg) 


d-homopilopoyl chloride 
(•CHa-COCl) 

I 

diazomethyl c?-homopilopoyl 
ketone (-CH^-CO-CHNa) 


NaaSjO* 


AgaO and 11,0 


d-homopilopic acid 
(•CHa-COaH) 


chlorom ethyl ketone 

(•CHa-OO-CHaCl) 


•CHa-CO-CHa-NH. 

I 


•CH2-CO*CHa-N<gg>CoH4 


2 xYiX2 

ICONS 


.CHa-f|- 


CH 
N 


NTH Feoi. -CHa-jll-^NH (pHEt-^H-CHa'C—NMe 

C'SH CH CH CO CHa CH CH 

Y V 


\Y 

(n.) N 


Bicinine ,—A new synthesis of this alkaloid (III) has been described 
by J. Reitmann : ® 


CO 

A,no. 



l>01,+_ 

I’OOl, 


a OMe 



(in.) 


MegSOi, 


OM 0 

,A|CN ^_ 

'•I ) — O then K:,Fe(ON), 

NMe 


OMe 



* N. A. Preobrashenski, A. M. Poljakova, and V. A. Preobroshenski, Her., 
1935, 68, [J5j, 860; A., 872. 

® Med. Chem. Abh. med.-chem. Forschungastattm I. O. Fai^emnd., 1934, 8, 
384; A., 1936, 97. See Ann, RepofiSf 1923, 80, 168. 
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Peganine and Vasicine. —E. Spath and E. Nikawitz assigned to 
peganine the structure (IV), and the former author, with F. Kuffner,® 
stated that peganine and vasicine were identical. K. S. Narang 
and J. N. Kay^ regarded vasicine as being (V), and denied the 
identity of the alkaloids. (Miss) T. M. Reynolds and R. Robinson 
synthesised a compound of structure (IV) and found that it was not 
identi(;al with vasicine. 


CH-OH 


\yKJCU CH, 

N 


(IV.) 


CH-OH 

NH 
IC-CH, 


j- i 


old I 
^ 11 

CiU 


(V.) 



(VT.) 


W. E. Hanford, P. Liang, and R. Adams showed that reduction 
of 3-allyl-3 : 4-dihydroquinazolino (VI), which was not identical 
with deoxyvasicine, or of the 4-keto-derivative of (VI) gave com¬ 
pound (VII), which, in turn, was not identical with dihydrodeoxy- 
vasicine. 

CIL, OOH 

-CHji-CHICH., 

Ha " k, \ JCH-CHa-CHICH. (Vlll.) 

¥h 



From this, it followed that vasicine could not be (IV), (VIII), or 
(V). Dihydrodeoxyvasicine was prepared by the Spath-Nikawitz 
method of obtaining dihydrodeoxy peganine (called by Spath and 
Nikawitz deoxytetrahydropeganinc), and shown to be identical with 
the latter substance. Vasicine and peganine were therefore re¬ 
garded as being identical, either (IX) or (X). 



E. Spath, F. Kuffner, and N. Platzer confirmed the physical 
identity of purified peganine and vasicine, and carried out the 
following conversions : 


7 Her., 1934, 67, [Bj, 45; A., 1934, 310. 

» Ibid., p. 868; A., 1934, 787. 

» ahem, and Ind., 1934, 698; A., 1934, 1014. 

Nature, 1934, 134, 142; A., 1934, 1014. 

J. Amer. Chem. Soc., 1934, 66, 2780; A., 1935, 365. 
Ber., 1936, 68, [B], 497; A., 635. 
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+ NH2-[CH,],-CO,Et_> 


/x^H,N<s“L_g: 


Clilorodc- 
oxypeg. —^ 
anine 



CH 2 -N<^^ 2 ' 52 ® 

^ ^CO—CHj 

\nh. 


(XI.) 


from which it followed that peganinc was a hydroxy-derivative of (XI). 
The same authors then effected a synthesis of peganino (Xll) : 

/COv ^ .CO, 



•co^ 


NK + Br-lCHgJa-COaMc 



a-Hydroxy-acid -<— 

NH 2 -CH 2 -CH 2 -CH(OH)-COaH —>■ Ester 


•CO/ 
a-Bromo-acid < 


N-[CHg]j,*C02Mo 

I 


Acid 


CH, 


(XXI.) 



^— 9^2 

.0 CH 2 

W\y 

CH-OH 



".GHaCl 

Mol 

I 

CH 2 

\n—CH„ 

1NO2 (')o ch: 


CH-OH 


W. E. Hanford and R. Adams,in an endeavour to obtain 
further experimental evidence in favour of formula (IX), also 
synthesised the above base (XI), which they identified with deoxy- 
vasicine : 


1 ,Jn 02 


Jc-LCHsl/Br 

^alkali 

(XI) 


\CH2-NH-CO-[CH2]3-OPh 

JNO 2 


H PhO-[9H2l3 

COCl 

CHg 

-<— I I <— amino-compound 

^^^c-rcHgig-oph 

N CO 


y 



» Ber., 1936, 68, [JS], 699; A., 764. 

“ J. Amer. Chem. Soc., 1935, 67, 921; A., 873. 
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These authors, in conjunction with B. C. Morris,^® studied afresh 
the oxidation of vasicine ])y hydrogen peroxide, obtaining results 
different from those in the literature,They synthesised the 
compotind (XIII), which was also obtained by oxidation of deoxy- 
vasicine with hydrogen peroxide, and oxidised it ])y means of lead 
tetra-acetate to an acetoxy-nompound. This, when saponified, 
gave a product identical with one of the compounds described by 
Ghose and his co-workers.Since (XIII) contains a carbonyl 
group in position 4, they concluded that the hydroxyl group must 
have entered the a-position, this being the most activ^ated. It was 
therefore reasoned that vasicine was (XII). 

Tliis reasoning, though not its consequences, was criticised by 
E. 8path, E. Kuffner, and N. Platzer.^"^ These authors resolved 
peganine with (^(and Z)-tartaric acid and showed it to be fairly 
easily racemised. Ghose and his co-workers had already stated, 
without evidence, that vasicine “ w^as resolvable.” The German 
authors suggest that the peganine in Peganum liarmala (where it 
is associated with harmine, harmaline, and harmalol) is optically 
active, Imt that it undergoes racemisation during its extraction. 

H R. Juneja, K. S. Narang, and J. N. Rc\y,i® who by inference 
still do not admit the identity of peganine and vasicine, also obtained 
proof of the constitution of the latter. Bases (XIV) and (XV) 
were synthesised ac^cording to the following schemes : 



J, Amer. Ghem. Soc., 1935, 67, 951; A., 873. 

T, P. Ghose, S. Krishna, K. S. Narang, and J. N. Ray, J., 1932, 2740; 
A., 1933, 77. 

Ren, 1935, 68, [R], 1384; A., 1136. 

J., 1935, 1277; A,, 1387. 
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Since vasicine and (XIV) on electrolytic reduction gave one and 
the same substance, which was different from the reduction product 
from (XV), vasicine must be (XII). 

Cactufi Alkaloids. —E. Spilth and F, Becke have isolated the 
new alkaloid, anhalinine, from Anhalonium. Lewinii, and shown it 
to be (XVI), identical with the product of condensing niezcaline 





with formaldeliyde. The constitution of anhalonine is further 
confirmed as follows : The alkaloid is converted by methyl iodide 
and sodium methoxidc into methylanhalonine methiodide; the 
corresponding rnetholiYdroxide is oxidised to zsocotarnic acid, 
isolated as the anhydride (XVTI). The structure of the latter has 
already been proved by synthesis.^® 

Yet another alkaloid, anhalidine, is present in the above 
material. Its constitution (XVIII) is established by its formation 
by the action of methyl-alcohohc methyl iodide on anhalamine. 
In the mezcal buttons actually examined, anhalamine, anhalinine, 
and anhalidine were present to the extent of about 01, 0-01, and 
0 -001%, respectively, in addition to anhalonidine, pellotine, 
mezeahne, and lophophorinc. 

The synthetic work in this scries has been extended by the 
optical resolution of anhalonine, the Z-base being identical with 
the natural alkaloid, Fonnaldehyde-formic acid methylation of 
the Z-base gave X-methyl-Z-anhalonine, identical with (the liquid) 
lophophorine. This completes the synthesis of all the bases present 
in this species of cactus. 

imQuinoline Derivatives. —G. Hahn and 0. Schales ^3 have shown 
that p-phenylethylamines containing methoxy- or methylenedioxy- 
groups in the nucleus condense with phenylacetaldehydes or phenyl- 
pyruvic acids under physiological conditions, though condensation 
is slower than with the hydroxy-compounds. The most favourable 
lor the first stage of the condensation RR'CO -| XH 2 R"- 

Ber., 1935, 68, [B], 501; A., 635. 

20 E. Spath, L. Schmid, and H. Stornborg, Her., 1934, 67, [H], 2095; A., 
1935, 213. 

21 E. Spilth and E. Becke, Her., 1935, 68, [H], 944; A.. 873. 

22 E. Spilth and F. Kesztler, ihid.^ p. 1663; A., 1389. 

22 Ibid., p. 24; A., 357. See also E. Spath and F. Kufiner, ibid., p. 1744. 
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RR'C(OH)-NHR'' or RR'CINR" is 5; RR'CO may be an aldehyde 
or a keto-acid and R" may be an amine or an amino-acid. 

Cinchona Alkaloids ,—A piece of work which all who have been 
interested in cinchona alkaloids will welcome is that by J. Kenner 
and F. S. Statham.^^ Cinchene (XIX), when heated for a long 
period with hydrobromic acid, is converted into apocinchene, 
which Koenigs originally showed to be either (XX) or (XXI). 



The above authors preferred the second alteniative, and synthesised 
the corresponding methyl and ethyl ethers, the pi crates of which 
proved to be identical with those of the apocinchene ethers : 



The substituted propiophenonc was prepared from 3 : 4-diethyl- 
anisole and p-chloropropionyl chloride, the preceding stages being 
as shown below : 


Et Et Et Et Ac 



As the authors admit, the mechanism of the cinchene -> apocin¬ 
chene change remains obscure, but they have now provided the 
material upon which any theory of that change must be built. 

The doubt which has existed for a very long time as to the nature 
of the products obtained by demethylating quinine has caused 
T. A. Henry and W. Solomon to investigate the problem. They 
find that demethylation with aluminium chloride gives, not “ apo- 

J., 1935, 299; A., 766. 

26 J„ 1934, 1923; A., 1936, 227. 
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quinine/’ C-19H2202N2, but this substance mixed with chloro- 
dihydroapoquinine, C\9H2302N2C1. Bemethylation of quinine ^^ and 
of quinidine 2® by means of boiling 60% sulphuric acid has been 
investigated by previous authors, and their methods have been 
improved. Henry and Solomon show that Suszko’s apoquinine is 
readily purified, and that his method provides a convenient source of 
the substance, but they could not obtain his cupreidine ” from 
quinidine. Instead, two products, ^^9oapoquinidine and apoquinidine, 
were isolated. In a later paper,^® it is shown that the products of 
demethylating quinine with sulphuric acid include apoquinine, 
'/soapoquinine, and hydroxydihydroapoquinine; and from quinidine 
an individual apoquinidine was definitely obtained in addition to 
isoapoquinidine.^® Undemethylated products also have been 
characterised. 

H. Thron and W. Dirschel separated cinchona alkaloids (from 
their dihydro-derivatives) as the compounds R*CH(HgOH)'CH2*OH, 
and also studied alkaloid demethylation with sulphuric acid. 

In last year’s Reports (p. 272) it was noted that Rabe had criticised 
Suszko’s formula for epicinchonine. R. Ludwiczakowna and J. 
Suszko^^ recognise the correctness of Rabe’s proposed formula, 
and obtain a substance of analogous structure (XXII) by treating 
dihydrocinchonine successively with _p-toluene8ulphonyl chloride, 
n pyridine, and potassium benzoate, and hydrolysing the product. 
The name Ae^erodihydrocinchonine is applied. 



Lycoris Alkaloids .—The view, on physiological grounds, that 
lycorine contains the phcnanthridine skeleton has now been con¬ 
firmed.®^ The base affords phcnanthridine when it is distilled with 

M. OberUn, Arch. Pharm., 1927, 265, 2G9; A„ 1927, 681. 

L. Jarzyriski, B. Ludwiczakowna, and J. Suszko, Bee. trav. :h‘im., 1933, 
62, 839; A., 1933, 1312. 

E. Ludwiczakowna, J. Suszko, and R. Zwierzchowski, ibid., p. 847; A., 
1933, 1312. 

« J., 1935, 966; A., 1136. See also C. L. Butler and L. H. Cretcher, J. 
Amer. Chem. Soc., 1935, 67 , 1083; A.. 995; T. A. Henry and W. Solomon, 
Chem. and Ind., 1935, 64 , 641; A., 995. 

“ See also (Mile.) B. Ludwiczak and J. Suszko, B%iU. Acad, polonaiee, 1935, 
[A], 65; Bocz. Chem., 1935, 16 , 209; A., 996. 

“ Annalen, 1935, 616 , 252; A., 366. 

»• Arch. Chem. Farm., 1935, 2 , 196; A., 766. 

»» H. Hondo and S. Uyeo, Ber., 1936, 68, [B], 1766; A., 1387. 
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zinc dust, and this possibly doubtful evidence is substantiated in 
the following manner: Lycorine anhydromethine is oxidised to 
a mixture of acids, one, which is therefore an a-keto-acid, being 
oxidised by alkaline hydrogen peroxide to the other. Decarboxyl¬ 
ation of the simpler acid gives 6 : 7-methylenedioxy-lO-methyl- 
phenanthridone (XXITI), which has been synthesised according 
to the scheme : 



Tropan Derivaiives, —C. Schopf and G. Lehmann had already 
shown that, whereas o-aminobenzaldehydo condensed with p- 
keto-acids under strongly alkaline conditions (^h under 

physiological conditions ’’ (pu b—9) the condensation was accom¬ 
panied by loss of carbon dioxide. It was therefore to be expected 
that tropinone would be formed when succinaldehyde, methylamine, 
and acctonedicarboxylic acid were brought together under the 
second set of conditions. This is now shown to be a fact. In 
three days at 25^^, yields of tropinone of 47, 54, 65, 66, 86, and 3% 
were obtained at pn 3, 5, 7, 9, 11, and 13, respectively. At p^ 3, 
tropinonedicarboxylic acid appears to be formed in excellent yield. 
Acetone cannot take the place of its dicarboxylic acid in these new 
condensations, and ethyl acetonecarboxylate (acetoacetic ester) 
gives 2 : 5-diacetonyl-l-methylpyrrolidine (XXIV). K. Robinson 
considered that in the biological synthesis of the derivatives of 
oegonine, tropinonedicarboxylic acid was formed first, and then 
underv^ent loss of one molecule of carbon dioxide. Schopf and 
Lehmann regard tropinone as the first stage, and attribute the 
formation of eegonine (in reality of troptnonecarboxylic acid) to 
the use by the plant of methyl hydrogen acetonedicarboxylate. 
This view is supported by experimental facts. Similarly, the 
optically inactive teloidine (XXV) is derivable from mc 5 otartar- 
dialdehyde. 

^-Pelletierine is formed in good yield in a few days at 25° from 
glutardialdehyde, methylamine, and acetonedicarboxyUc acid at 

Annalen, 1932, 497 . 7; A„ 1932, 1046. 

Ibid., 1936, 618 , 1; A., 873. 

30 J., 1917, 111, 880. H. Kiixg, J., 1919, 116, 487. 
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pH 3—7. The condensation of glntardialdehyde, methylamine, 
and benzoylacetic acid is more sensitive to hydrogen-ion con¬ 
centration than are the above condensations. The best yield of 


CHg-CH-CHg-COMe 
I ']>NMe 
CHo-CH-CHa-COMe 
(XXIV ) 


CH(OH)-gH—(; ib2 
I NMe gn-OH 

CH(OH)-6h—CH g 

(XXV.) 


/CHg-CH-CHa-COPh 
CHa >NMe 
^CH2-CH•CH2•COPh 

(XXVI.)' 


lobelanine (XXVI) is obtained at pn 4, and little condensation 
occurs at pn 2 or 7. In alkaline solution (pn 7—13), iobelanine 
undergoes hydrolji^ic scission. In all these condensations it is 
usually accompanied by a by-j)roduct, which is thought to be the 
fmns-base. The results on the whole are considered to be excellent 
evidence for the correctness of Robinson’s plan of phytochemical 
synthesis. 

Alkaloids of Convolvulus Pseudocantabricus.—A. Orekhov and 
R. Konovalova isolated convolvine from the seeds of this plant, 
and later,convolvamine. The latter, when hj^drolysed with 
alcoholic potassium hydroxide, gives veratric acid and tropine, 
and is formed when tropine is veratroylated. It is therefore 
veratroyltropeine. Recently, with E. Eremina,^® the same authors 
isolated two further alkaloids, convolvidine and convolvicine, and 
showed that convolvine is norconvolvamine, ^.e., veratroylnor- 
tropeine. Nortropine, hitherto difficult of access, is now readily 
obtainable by the hydrolysis of convolvine. 

Abrine .—This is an amino-acid present in the seeds of Abrus 
precatorius, and has been shown by T. Hoshino to be a-methyl- 
amino-p-3-indolylpropionic acid (XXVII). 


(XXVII.) 



C-CH2-CH(NHMe)-C02H 


11 

CH 


NH 


Yohimbine. —C. Scholz ^ has shown that tetrahydroyobyrine, 
previously regarded as having the complete ring structure of 
yobyrine, is (XXVIII). Ozonolysis produces a base, CigHgoOgNa, 
probably (XXIX), which is (a) hydrolysed (lOA-sulphuric acid at 
the b. p.) to o-aminopropiophenone and 5:6:7: 8-tetrahydro^5o- 
quinoline-3-carboxylic acid, and (6) oxidised to berberonic acid, 
also known to be obtainable by direct oxidation of tetrahydro¬ 
yobyrine itself. Whereas oxidation of yobjo’ine with potassium 

Arch. Pharm., 1933, 371, 145; A., 1933, 517. 

39 Ber., 1934, 67, [B], 1153; A., 1934, 908. 

Her., 1935, 68, [H], 814; A., 872. 

Proc. Imp. Acad. Tokyo, 1935, 11, 227; A., 1131. 

« Hdv. Chim. Acta, 1935, 18, 923; A., 1138. 
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permanganate gives phthalic acid, oxidation with chromic acid 
gives, in addition, o-toluic acid (pointing to a methylene group in 





position 21) and a new substance, 

oxoyobyrine, which is probably 

(XXX). The results support the formula (XXXI) for yohimbine. 

CH, 

1 Jl N 





NH 9H 

\/\ 

OH-HC>* “CH 


x/\ 


H9“ »»9H2 

(XXX.) 

COgMe-HCw wCHg 

(XXXI.) CH, 


Raymond-Hamet found that when (Isevorotatory) corynanthine 
was heated with alcoholic potassium hydroxide, a substance was 
formed which was converted by methyl-alcoholic hydrogen chloride 
into the hydrochloride of a dextrorotatory ester, which he named 
^-corynaijthine. Yohimbine, on the other hand, underwent no 
stereoisomeric change. C. R. Scholz showed that 0-corynanthine 
is a methyl yohimboate and therefore that corynanthine and 
yohimbine are stereoisomerides, both being convertible into the 
apoyohimbine described by G. Barger and (Miss) E. Field. 

In continuation of their interesting studies on condensation 


*3 Compt. rend,, 1934, 199 , 1668; A., 1936, 366. 

Ibid,, 1936, 800 , 1624; A,, 996. « J„ 1923, 188 , 1038. 
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“ under physiological conditions,” G. Hahn, L. Barwald, O. Schales, 
and H* Wemer^^ find that a-keto-aoids condense more readily 
than the corresponding aldehydes with tryptamine, good yields 
of norharmans (XXXII) being obtained only with two aldehydes, 
acetaldehyde and phenylacetaldehydc. Homopiperonal and 3:4: 5- 
trimethoxyphenylacetaldehyde give only 15 and 20% yields, 
respectively. Again, under these conditions benzaldehyde gives 
a 48% yield, but o- and jp-hydroxybenzaldehyde, juperonal, and 
vanillin do not react appreciably; nor do glyoxal, methylglyoxal, 
glucose, and citral. Pyruvic acid gives 47, 59, 67, and 93% of the 

CHo 

NH CR-COaH 

possible yield of the carboHne in two days at 2 ^ 0 . 3-4, 4-6, 5-2, and 
6*2, respectively. It is noteworthy that phenylpyruvic acid and 
its m-hydroxy-derivative condense most readily at two different 
values of • 

Percentage yield for Ph — . 3-8 4-6 5 2 5-4 6-2 6-8 

Ph-CH,-CO-COjH (13 days). 75 22 is — 66 — 

w-OH-CeH^-CHa-CO-COaH (8 days) . 59 30 — 27 — 67 

Sunlight causes the yield with the m-compound to rise to 87%, 
with time decrease to 4 days. All the above results relate to a 
condensation temperature of 25°. Increase of this to 37° is 
accompanied by decrease in yields. 

G. Hahn and H. Werner regard Scholz’s conclusion ^2 as invalid, 
in view of their work on the alkali scission of tetradehydroyohimbine. 
Of the two double bonds produced when lead tetra-acetate oxidises 
yohimbine, one must be at C 5 —Cg, for it is unlikely that these two 
hydrogen atoms would first be removed by use of amyl-alcoholic 
alkali. The second double bond, according to these authors, will 
be at Cj^ 5 —C 20 . From the fact that 0^4 and (in the alkali scission) 
appear as methyl groups, it follows at once that they cannot carry 
the hydroxyl group. In tetradehydroyohimbine, the •CH(OH)* 
group is still present, and loses water first during the alkali scission. 
Were the Scholz formula correct, a double bond should appear at 
C 14 -C 3 or at Cx4-Cx6. and then 0x4 could not appear as a methyl 
group. Hahn and Werner apply their synthetic methods to the 
question. They show that the 3-m-hydroxybenzyl-3 : 4 : 5 : 6 - 
tetrahydronorharman (XXXIII) obtained by decarboxylating the 
product of one of the new condensation processes reacts almost 

Annalen, 1936, 620, 107; A., 1388. 

Ibid., p. 123; A., 1388. 
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instantaneously with formaldehyde at 4*4 to give, in 88 % yield, 
3-{3'-hydroxy-6'-hydroxymethylbenzyl)-3 : 4 : 5 : 6 -tetrahydro- 
norharrnan hydrochloride (XXXIV), which when treated with 
alkali gives the hexadehydroyohimbol (XXXV). The analogous 
formaldehyde condensation in the plant would be hkcly to take 
place only if, as in (XXXIII), the hydroxyl group were in the 
meta-position to the benzyl methylene group, and it is therefore 
concluded that yohimbine itself is hydroxylatcd, not at as 
su})posed by Scliolz, but at 0 ^ 7 . 



CHo 


l—f 

ch,9^</Oh 


L) 


OH 


(XXXIV.) 



Eserine {Physostigmine ).—^In view of the present confusion in 
the chemistry of eserine, the statement of the position by F. E. 
King and R. Robinson is useful. One important piece of work 
is the optical resolution of £?Z-noreserethole and the conversion 
of the active compound into metho-salts identical with those derived 
from eserine by successive hydrolysis, ethylation, and iV'-methyl- 
ation. Some difficulty has arisen over the identity of a base, m. p. 
80"’, obtained by Hoshino and Kobayashi.'^® It is suggested by 
King and Robinson that it and their own dZ-eserethole constitute 
a pair of stereoisomerides allied to those described by R. P. Linstead 
and E. M. Meade,the fusion of two five-membered rings possibly 
permitting of this. 

(i^Eserethole (XXXVIII) has now been synthesised as follows, 
with good yields at all stages. ^-a-Bromopropiono-iV^-methyl- 
phenetidide was converted by aluminium chloride into the hydroxy- 
compound (XXXVI), the ethyl ether of which was condensed with 
chloroacetonitrile in presence of sodium cthoxide. The other 
stages are reduction, condensation with benzaldehyde, treatment 
with methyl iodide, and reduction : 


1936, 765; A., 925. 

T. Hoshino and T. Kobayashi, Proc. Imp. Acad. Tokyo, 1934, 10 , 664; 
Annalen, 1936, 516 , 81; A., 227, 449. 

J., 1934, 936; -4., 1934, 1002. 

P, L. Julian and J. Pikl, J. Amer. Chern. Soc., 1936, 57 , 663; A ., 635. 
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Etor^ 

jNMe-(30-CHMeBr 


-jCMe-CHa-CHa-NHa 

i 


HO, 



-,CHMe 

,ico 


NMe (XXXVI.) 


-f 


2 vvxxg 


i 


~-nCMe-CH2-CH2*NHMe 

(XXXVII.) 



In a later paper, the same authors record their failure to resolve 
<ZZ-ese re thole, but they resolved the intermediate compound 
(XXXVII) and, by reduction, obtained Z-eserethole. When a 
petroleum solution of the last was warmed with aluminium chloride, 
Z-eseroline was formed; so, since M. Polonovski and C. Nitzberg 
had already converted Z-eseroline into Z-eserine (XXXIX), the 
complete synthesis of the latter has now been achieved. 


(XXXIX.) 



T. Hoshino and T. Kobayashi have synthesised cZZ-eserethole 
in a different manner. V-jp-Toluenesulphonyl-5-ethoxytryptamine 


C7H7-S02-NH-CH2*CH2-CH(0Et)2\ 

/VT \ I TJ .XTtr.XTTJ i“l 


(XL.) 


i 


EtO'CoH4-NH-NH2r 


•SOj-NMe-CHg- 


i 



CH 


ijC'CH,*CHg-NMe-J|(02 ^— 
CjH, 


EfcO/ 



Y 


NH 


C-CH,-CH2-NH-S0,-C,H, 
CH ' ' 277 


NH 

Me 


-TjC'CHg-CHa'NHMe 


EtOr' 



(XLI.) 


^ (XXXVIII) 




“ J. Amer. Chem. Soc., 1936, 67 , 766; A., 766. 

« BuU. Soc. chim., 1916, [iv], 10, 33; A., 1916, i, 221. 
M ^nrMiZen, 1936, 680 , 11; A., 1378. 
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(XLI) was obtained either from 5-ethoxytryptamine and p-toluene- 
sulphonyl chloride or by the action of alcoholic zinc chloride and 
j9-ethoxyphenylhydrazine on y-p-toluenesulphonamidobutaldehyde 
diethyl acetal (XL). Methylation then gave the iV-methyl deriv¬ 
ative, which was alternatively obtained from y-^-toluenesulphonyl- 
methylamidobutaldehyde diethyl acetal and ^-ethoxyphenyl- 
hydrazine. Removal of the toluenesulphonyl group by the use of 
aniline and aniline hydrochloride gave 5-ethoxy-iV'-methyltrypt- 
amine, which, with ethylmagnesium iodide, followed by methyl 
iodide, gave u'onoreserethole. The hydrochloride of this was 
converted by methyl iodide into dl-eserethole. 

The same authors have also carried out the synthesis of bufotenine 
(XLII) from S-ethoxyindole-S-acetonitrile, the CHg’CN group being 
successively converted into CHg'C^OgH, CHg’COgEt, CHg'CHg’OH, 
CHg-CHaBr, and CHa-CHg-NMe^ by usual methods. The final 
product gave bufotenine when de-ethylated with aluminium 
chloride. 


(XLll.) 


H0/\ 




r.C-CHa-CHo-NMej 

CH 


Ergot Alkaloids .—Our knowledge of these alkaloids has increased 
considerably in the last few years. For an account of the older 
work, reference may be made to a paper by S. Smith and G. M. 
Timmis.^® The work of Barger, Dale, Carr, and Kraft showed 
that ergotoxine and ergotinine were isomeric and interconvertible, 
boiling methyl alcohol changing ergotoxine into ergotinine, and hot 
dilute alcoholic phosphoric acid solution effecting the reverse change. 
A. Stoll isolated a third alkaloid, ergotamine, which underwent 
isomeric change into a fourth alkaloid, ergotaminine, under con¬ 
ditions similar to those governing the ergotoxine-ergotinine con¬ 
versions. This suggested a close relationship between ergotoxine 
and ergotamine, which was supported by the observation that the 
physiological actions of these two bases were quafitatively and 
quantitatively identical; according to other authors,^® ergotoxine 
had a biological activity 1*66 times that of ergotamine. Smith 
and Timmis, in the above paper, described the isolation of all 
four alkaloids in a state of high purity, and, by examining ergot 

J., 1930, 1390; A., 1930, 1050. 

Schweiz. Apoth.-Ztg.y 1922, 60, 341; A., 1923, i, 127; see also K. Spiro 
and A. Stoll, Verh. Schweiz. Nat. Qes., 1920; A., 1922, i, 47. 

H. H. Dale and K. Spiro, Arch. exp. Path. Pharm., 1922, 95, 337; A., 
1923, i, 420. 

E. Lozinski, G. W. Holden, and G. R. Diver, J. Pharm. Exp. Ther.^ 
1931, 42, 123; A., 1931, 871. 



346 


OBGANIC 'OHEMISTBY. 


from seven different European sources, they concluded that ergot 
of rye contains only ergotoxine and ergotinine, though a New 
Zealand ergot growing on Festuca contained ergotamine. In 1931,^® 
they recorded the isolation of a new alkaloid, ^-ergotinine, probably 
isomeric with ergotoxine. 

A. Soltys showed that all four alkaloids on treatment with 
boiling alcohohc alkali gave one molecule of ammonia, and that 
oxidation of any of the alkaloids by permanganate and by nitric 
acid produced benzoic and p-nitrobenzoic acid, respectively. 

Smith and Timmis,®^ following up this work, isolated a new, 
optically active base, ergine, CiqH;^ 70 N 3 , by heating any of the 
four alkaloids with alcoholic potassium hydroxide. 

At this point, an outstanding series of papers by W. A. Jacobs 
began to appear. He found that nitric acid oxidation of ergotinine 
gave also a tribasic acid, possibly C 14 H 9 O 8 N, and, with L. C. Craig, 
showed that ergotinine and methyl-alcohohc potassium hydroxide 
gave ( 1 ) an acid, Ci 4 H 42 N(NMe)*C 02 H, named lysergic acid, ( 2 ) 
isobutyrylformic acid, and (3) ammonia, whereas, on similar treat¬ 
ment, ergine gave an acid which was at first thought not to be 
lysergic acid but was later identified as the acid sulphate of this 
substance. Smith and Timmis, however, showed that ergine 
was the amide of an acid, CisHisNg’COgH, probably lysergic 
acid. 

Jacobs and Craig found that lysergic acid was reducible with 
sodium and amyl alcohol to dihydrolysergic acid,®® and that 
ergotinine,®® when reduced with sodium and ?i-butyl alcohol, gave, 
in addition to one molecule of ammonia, seven products : ( 1 ) 
a-dihydrolysergol, Ci^HgoONg, containing NMe and forming a 
monoacetyl derivative; (2) (3-dihydrolysergol; (3) a-hydroxyw^ 
valeric acid (formed from isobutyrylformic acid); and four bases, 
numbered II, IV, V, and VI. Since reduction of methyl lysergate 
gave ( 1 ) and ( 2 ) but none of the other products, it follows that the 
four bases arise from that part of the ergotinine molecule which is 
not lysergic acid, the two portions of the molecule possibly being 
joined by means of the isobutyrylformic acid skeleton. The 
formation of two diliydrolysergols is possibly due to the introduction 
of a new centre of asymmetry during the reduction of lysergic acid. 

»» J., 1931, 1888; A., 1931, 1171. 

Ber., 1932, 66, [B], 563; A., 1932, 629. 

J., 1932, 763, 1643; A., 1932, 626, 769. 

J. BioL Chcm., 1932, 97, 739; A., 1932, 1147. 

ea Ibid,, 1934, 104 , 647; A., 1934, 638. 

Nature, 1934, 183 , 679; A., 1934, 667; J., 1934, 674; A., 1934, 787. 

J, Biol Ohem,, 1934, 106 * 393; A., 1934, 1116. 

«» Ibid., 1936, 108 , 696; A., 604. 
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Later work on the above four bases showed that base VI was 
a phenylpropanolamine, suggesting phenylalanine as its precursor 
in ergotinine. The same authors also identified, as a component 
of the above reduction mixture, proline methyl ester, which was 
also formed by the action of methyl-alcoholic hydrogen chloride 
on ergotinine. Bases II and IV were probably piperazine deriv¬ 
atives formed by reduction of prolylphenylalanine anhydride and 
proline anhydride respectively, and base V, probably a-pyrrolidyl- 
carbinol, was derived from prolino or its ester. This showed that 
ergotinine, and therefore ergotoxine, are built up of lysergic acid, 
CigHi(j 02^2 amide, crgine, 03 , 311 ^ 70 X 3 ), proline, phenyl¬ 

alanine, and isobiityrylformic acid. Addition of these fragments 
with removal of four molecules of water gives C 35 H 3 QO 5 N 5 , which 
is the empirical formula of ergotinine. At this point, Jacobs and 
Craig thought that lysergic acid, the pharmacologically important 
component of the alkaloids, was joined to a dipeptide composed 
of proline and phenylalanine. 

These authors also made a preliminary study of ergotamine. 
This was shown to give rise to lysergic acid, ammonia, and phenyl¬ 
alanine, but proline was not definitely identified. One important 
difference between ergotamine and ergotinine was discovered : 
none of the degradation processes used led to the formation of 
u'obutyrylformic acid or of its reduction product, a-hydroxyitS*o- 
valeric acid. Since in empirical formula the two alkaloids differ 
by C 2 H 4 , it was thought that in ergotamine (and ergotaminine) 
pyruvic acid might take the place of isobutyrylformic acid in 
ergotinine. Evidence for this was actually found. 

(h Barger,®® who, with A. J. Ewins,’® first obtained ^sobuty^yl- 
formamide by the thermal decomposition of ergotoxine and ergo¬ 
tinine, obtained this amide, and ergine, from the ergoclavine 
described by W. Kussner.’^^ Jacobs and Craig found that ergotinine, 
when heated with hydrochloric acid, gave Z-phenylalanine and proline 
methyl ester, whereas similar treatment of ergoclavine, alkaline 
hydrolysis of which gave ammonia, lysergic acid, and ?‘sobutyryl- 
forrnic acid, gave Z-leucine but no proline. Development of the 
work on the alkaline hydrolysis of ergotinine led to the isolation, 
in addition to lysergic acid and ^sobutyrylformic acid, of a mixture, 
acid hydrolysis of which gave almost inactive proline and phenyl- 

J. Amer. Chem. Soc., 1935, 57, 383; A„ 504. 

Science, 1935, 81 , 256; A., 764. 

«» Merck'6 Jahresber,, 1933, 47, 12. 

J., 1910, 97, 290. 

Merck's Jahresher.^ 1933, 47, 5. 

J. Amer. Chem. Soc., 1935, 67, 960; A., 872, 

7* J. Biol. Chem., 1935, 110 , 621; A., 1137. 
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alanine. Hydrolysis of ergotinine with hydrochloric acid, however, 
gave Z-phenylalanine, what appeared to be a proline-phenylalanine 
dipeptide, and also d-proline methyl ester. Whilst, therefore, the 
phenylalanine has the usual coniiguration, that of the proline is 
unique in this instance, and, of course, a Walden inversion to 
explain it is probably out of the question. This confirmed the 
former conclusion that ergotinine and ergotoxine are composed of 
proline and phenylalanine combined in peptide linkage with lysergic 
acid, ^ 5 obutyrylformic acid, and ammonia. 

In their most recent paper,Jacobs and Craig show that all the 
ergot alkaloids are derivatives of lysergic acid, in which the latter 
is conjugated with a-amino-acids or with substances derived from 
them. A return was made to dihydrolysergic acid, which was 
heated with potassium hydroxide at 300'' in an atmosphere of 
hydrogen. The products were : (1) methylamine, (2) a substance 
which was probably 2-methyl-3-ethylindole, (3) propionic acid, 
and four other substances. It being known that by reduction 
with sodium and butyl or amyl alcohol lysergic acid gives a dihydro¬ 
derivative, and that ergotinine or methyl lysergate gives the 
corresponding alcohol (as a- and p-dihydrolysergols), and that it is 
difficult to reduce an indole structure, it becomes highly probable 
that at least one ethylenic linkage is present in another part of the 
molecule. This suggests a 4-carboline structure, and, since methyl- 
amine is formed almost quantitatively in the above decomposition, 
the basic carboline nitrogen atom probably carries the methyl 
group and is the salt-forming part of the molecule. This gives the 
partial structure (XLIII). To make up the 16 C of lysergic acid, 
there are also required a propyl or propylene side chain and a 
carboxyl group, these presumably being attached to the reduced 
ring. Further, the lysergic acid molecule has two double bonds. 



(XLIII.) 


CH 

CHj 



A 


NH9H 

NH^H 

CHICHMe 

ch:chmc 

(xxrv.) 

(XLV.) 


One is readily reduced and is probably at C 5 —(compare harmine 
and harmaline giving tetrahydroharmine). The inferred relation¬ 
ship to tryptophan places the carboxyl at C5, so lysergic acid would 
be (XLIV). This formula accounts for the optical activity, and 
explains the formation of the epimeric dihydrolysergols (XLV) 
from either ergotinine or methyl lysergate, since a new centre of 
74 J. Biol, Chem., 1935, 111, 455; A., 1512. 
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asymmetry appears at C 5 . The second double bond must be, as 
shown, in the side chain, but the latter may be an allyl group, 
undergoing the common bond-shift during alkali fusion. If both 
the carboxyl and the propenyl group are at C 3 , it is more difficult 
to explain the epimeric dihydrolysergols. It may be observed that 
a-dihydrolysergol was shown to give a true onium salt with methyl 
iodide. 

A surprising new chapter in ergot chemistry was opened by 
H. W. Dudley and C. Moir,’^^ who showed that the characteristic 
oxytocic effects of ergot were due, not to ergotoxine or to ergotamine, 
as had been thought, but to a new alkaloid, ergometrine, the extrac¬ 
tion of which, by an improved method, was described by Dudley.*^® 

M. R. Thompson also obtained evidence that there was a now 
alkaloid in ergot other than ergotoxine or ergotamine. Again, 
M. S. Kharasch and R. R. Legaiilt isolated “ ergotocine ” from 
ergot, and showed that under conditions (hot alkali) such as gave 
one molecule of ammonia with ergotoxine, ergotamine, and sen- 
sibamine ” (see below), no ammonia was formed. Lysergic acid 
was the only product identified. The ergobasine,” 
isolated from ergot by A. Stoll and E. Burckhardt was shown 
to be lysergic hydroxyi^opropylamide.®® M. R. Thompson 
expressed the belief that ergostetrine (his new alkaloid) was 
identical with ergometrine, ergotocine, and ergobasine, and H. W. 
Dudley put forward the same view more definitely.®^ 


CH 


'^^•OO-NH-CHMe-CHa-OH 

%/\/\ /NMe (XLVI.) 

NH 9 H 

CHICHMo 


The validity of the arguments of Jacobs and Craig being assumed, 
the constitution of ergometrine is (XLVI). S. Smith and G. M. 

Brit. Med. J., 1935, i, 520; A., 655. 

’0 Fharm. J., 1935, 134 , 709; A., 894. 

J. Amer. Pharm. Assoc.^ 1935, 24 , 24, 185; A.^ 894. 

’8 J. Amer. Chem. Soc., 1935, 57 , 956, 1140; A.y 872, 995. 

Compt. rend., 1935, 200 , 1680; A., 995. 

W. A. Jacobs and L. C. Craig, Sciem,ce, 1935, 82 , 16; A., 1137. 

81 J. Amer. Pharm. Assoc., 1935, 24 , 748; A., 894. 

82 Proc. Roy. Soc., 1935, [B], 118 , 478; A., 1512. 

88 See also H. W. Dudley and C. Moir (Science, 1935, 81 , 559; A., 1157); 
M. S. Kharasch and R. R. Logault (ibid., p. 614; A., 1157); M. R. Thompson 
(ibid., p. 636; ibid., 82 , 62; A., 1157); N. L. Allport and S. K. Crows (Quart. 
J. PJiarm., 1935, 8 , 447; A ., 1512); and E. C. Kleiderer (/. Amer. Chem. Soc., 
1935, 57 , 2007; A,, 1512). As far as the writer is aware, the present account 
of ergot chemistry includes all references since 1930, up to December, 1935. 
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Timmis have isolated yet another ergot alkaloid, ergometrinine, 
isomeric with, and convertible into, ergometrine, these two alkaloids 
being related in the same manner as ergotoxine-ergotinine and 
ergotamine-ergotaminine. The identity of i^-ergotinine remains 
unexplained. 

It is possible now to summarise the present position as follows : 


Active Alkaloids. 

Inactive Alkaloids. 

Components. 

Ergotoxine 

Ergotinino 

Proline 

Phenylalanine 
i.wButyrylforinic acid 

Ergotamine 

^'33^135051^5 

Ergotaminine 

Proline ? 

Phenylalanine 

3 pyruvic acid 

Ergometrine 

C19H23O2N3 

Ergometrinine 

Lysergic acid 
-Aminopropyl alcohol 
(Hydroxyivopropylamino) 


The first four alkaloids give the same erginc, which is the amide 
of lysergic acid..^ Ergometrine, and presumably ergometrinine, 
give the same lysergic acid. It follows that the isomerism between 
the active and the inactive alkaloids must reside in the lysergic 
acid portion of the molecule. If the Jacobs-Craig formula for 
lysergic acid is correct, it would seem to follow that the isomerism 
must be due to cis- and ^m^ 6 '-arrangements around the double 
bond in the side chain, although this is not altogether satisfactory, 
considering the conditions under which the isomeric (*hanges occur. 

(Sir) H. H. Dale pointed out that the pharmacological activities 
of ergoclavine and sensibamine were identical with those of ergo- 
toxine and ergotamine.®® A. Stoll showed that sensibamine was 
not a definite compound,®® C 33 H 37 O 5 N 5 , but was a molecular com¬ 
pound, € 33113505 X 5 , 033113505 ^^ 5 , of ergotamine and ergotaminine. 
Ergoclavine is also probably a mixture, but it should be recalled 
that Meucine was obtained by Jacobs and Craig as one of its 
degradation products, and it is therefore possible that ergoclavine, 
which has been given the formula C 31 H 37 O 5 N 5 , is actually a mixture, 
one component of which is an undiscovered alkaloid, CajHa.OgNs 
or 031113502 X 5 , built up from ergine, Z-leucine, and phenylalanine. 

Admitting that the constitution assigned to lysergic acid by 
Jacobs and Craig was not intended by them to be taken as final, 
it is not without interest to attempt to picture the possible structure 

Nature, 1935, 136, 269; A„ 1256. 

Schweiz, med, Woch., 1936, 66, 885. 

A. Vartiainen, J, Phann, Exp, Ther., 1935, 54, 259, 

Schweiz, med, Woch,, 1935, 65, 1077, 
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of the alkaloids. The known chemistry of ergotoxine and ergotinine 
corresponds to a structure such as (XLVII) or (XLVIll). 



OH 

^•CO-NH'CO-C-CHMe; 
fiSlCHMe 


(XLVII.) 


- 

CH,-CH<co-NH><^H-CH,Ph 


^(p-CO-NH-CO 
\/\ /NMe 
NH I’H 

ch:chmo 


CH, 

•in 


--CHa 

('jH, 


(XLVlIl.) 


\]sr/ 

(':0-9H-CHaPh 

NH-CO-CO-CHMe, 


In orgotaminc and ergotaminine, the group CO'CO^CHMeg would 
be replaced by CO-CO-CHa (XLVlIl); in (XLVII) CO-C(OH)-CHMe 2 
would be replaced by •CO*C(OH)Me. 

Curare Alkaloids (South American Arrow Poisons ).—^An in¬ 
vestigation of more than usual interest is that of the curare alkaloids 
by H. l^ng,®® who has obtained Boehm’s tubocurarine in a 
crystalhno condition, and submitted it to degradation processes. 
Curine, the crystalline alkaloid accompanying tubocurarine, was 




shown by E. Spath, W. Leithe, and F. Ladeck to be the laevo- 
modification of d-bebeerine. H. King®® suggested a probable 
formula for curine, which was supported by the experimental 


Chem. and Ind.^ 1935, 739; A., 1138. 

»» Ber., 1928, 61, [B], 1705; A„ 1928, 1264. 
Ann, Reportsf 1933, 80 , 249. 
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work of E, Spath and F. Kuffner,®^ who assigned to 0-methylcurine 
the structure (I). King has now carried out the exhaustive 
methylation of the accessible base, 6Z-curine (a5-bebeerine), obtaining 
in this way the known 0-methylbebeorine methochloride. Hofmann 
degradation of the latter gave three distinct methine bases, and 
thence three crystalline methiodides. Hofmann degradation of 
the mixture of the three methochlorides gave trimethylamine and 
a substance, C3gH320g. Similar degradation of d-O-methyltubo- 
curarine chloride led to a mixture of four methine methiodides, 
three of which were identical with the above three methiodides, 
the fourth being Z-O-methyltubocurarinemethine methiodide. The 
second degradation stage gave trimethylamine and the substance 
CggHggOg. If 0-methylbebeerine is regarded as (I), the latter 
substance can be accounted for as (II). It is probable, however, 
that although 0-methylbebeerine methochloride and O-methyl- 
tubocurarine methochloride are diastereoisomerides, the parent 
phenolic substances, bebeerine methochloride and tubocurarine 
methochloride, have different arrangements of hydroxyl and 
methoxyl groups. 

Dauricine .—The constitution of this alkaloid has been proved 
by a synthetic method, methyldauricine-a-methine (III) being 
obtained as follows : 


Mo COM 





JBer., 1934, 67. [-B], 66! A.. 1934, 312. »» J., 1935, 1381. 

H. Kondo, Z. Narita, and S. Uyoo, Bcr., 1936, 68, [B], 619: *4., 637. 



TUBNBB : HETBBOOYCUO OOMPOUKDS. 353 

From this it follows that dauricine has the constitution (IV) sug¬ 
gested by F. Faltis and H. Frauendorfer.®^ 



Phaeanihine ,—Whereas A. C. Santos®^ found this alkaloid to 
be C 37 H 38 O 6 N 2 , H. Kondo andl. Keimatsu find it to be C 38 H 42 O 6 N 2 , 
and a comparison of its physical properties with those of tetrandrine 
suggested that these two alkaloids are optical antipodes. The 
absorption curves support this view.®’^ Probably tetrandrine, 
isotetrandrine, and phaeanthine represent three out of the four 
possible stereoisomerides corresponding to the two asymmetric 
carbon atoms in (V) and (VI), which are the two possible structural 
formulae for the alkaloids : 



Bet,, 1930, 63, [B], 809; A., 1930, 774. 

»» Ber., 1932, 66, [B], 472; A., 1932, 627. 

»« Ber., 1936, 68, [B\ 1603. 

H. Kondo and I. Keimatsu, J, Pharm, Soc» Japan, 1936, 636. 

F. von Bruchhauflen, H. Oberembt, and A. Feldhaus, Annalen, 1933, 
607, 144; A., 1983, 1313. 

BBF.—^VOL. XXXn. 


M 
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Sophora Alkdhid. —H. Kondo, E. Ochiai, and K. Tsuda®® have 
almost completed their investigation of the constitution of matrine, 
one of the principal alkaloids in the roots of Sophora flavescens. 
The alkaloid, which is not a stereoisomeride of lupanine, is probably 
either (VII) or (VIII). 



Lactoflavin. 

Last year, R. Kuhn, R. Reinemund, and F. Weygand ^ described 
the synthesis of lumilactoflavin (II) by a modification of the Kiihling 
condensation. P. Karrer, H. Salomon, K. Schopp, E. Schlittler, 
and H. Fritzsche ^ showed that, if lactoflavin (vitamin-J52) 
irradiated, not in strongly alkaline solution (when lumilactoflavin 
is produced), but in dilute methyl-alcoholic solution, lumichrome 
(I) (6 : 7-dimethylalloxazine) is formed, and they suggested that 
lactoflavin probably contained a pentose chain, CH 2 *C 4 H 904 , in 
position 9. In a later paper ^ the two decompositions induced by 
irradiation were pictured thus : 

(&) 


N NH 



(I.) 



(II.) 



•» Ber., 1935, 68. [B], 1899; A., 1514. Parts I to IV and XV to XVII of 
Rondo’s papers on matrine may be found in A abstracts. The rest have not 
been abstracted. i Ber„ 1934, 67, [B], 1460; A,, 1934, 1114, 

* Helv. Chim, Acta, 1934,17, 1010; A„ 1934, 1233. 

* P. Karrer, H. Salomon, K. SchOpp, and E. Schlittler, ibid,, p. 1165; A,, 
1934, 1233. 
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and the following synthesis of an analogous but less complex 
substance was described: 

CHo-CH(OH) 
^ .NH CHg-OH 

^ -^—alloxan 

CH2-CH(0H)-CH2-0H 

N 

N CO 

Since the simpler product closely resembled lactoflavin, the above 
constitution (III) for the latter was supported. At approximately 
the same time, R. Kuhn and F. Weygand,* starting with ^arabinose 
and d-xylose, synthesised in the following manner, two compounds 
(III), both of which resembled lactoflavin in solubility, absorption 
spectrum, and dependence of fluorescence on pn, formed a red 
radical when reduced in mineral acid solution, and gave lumilacto- 
flavin when irradiated in alkaline solution : 



+ NH2-CH2*[CH-0H]3-CH2-0H —^ Nitro-compound 


Alloxan 

.1 




(III) — [Amino-compound] 


P. Karrer and K. Schopp, who had already ® described the isolation 
of a flavin from green malt, later showed ® that irradiation of 
crystallised ovoflavin-e from dry technical ovalbumin gave 6 : 7- 
dimethylalloxazine. R. Kuhn and F. Weygand pointed out 
that there were eight possible stereoisomerides corresponding to 
formula (III) above, and expressed the view that lactoflavin was 
most probably the J-arabo- or the d-ribo-compound ® (III). The 
same authors^ had previously stated that the Z-arabo-compound 
had the same growth-promoting effect as natural lactoflavin, at 
the same time showing that the corresponding compound devoid 
of the two methyl groups in one nucleus was inactive in that respect. 


« Ber., 1934, 67 , [B], 1939; A., 1935, 224. 

Helv, Chim. Acta, 1934, 17 , 1013; A„ 1934, 1233. 

« Ibid., p. 1567; A„ 1936, 95. 

’ Ber„ 1936, 68 , [B], 166; A., 358. 

* Compare R. Kuhn and H. Rudy, ibid,, p. 169; A., 359, 
Rer., 1934, 67 , [B], 2084; A„ 1936, 262. 
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A different type of s 3 nitbesis was introduced by P. Karrer, K. 
Schopp, F. Benz, and K. Pfaehler,^® who found that, whereas the 
condensation of o-chloronitrobenzenes with amino-sugars was not 
particularly satisfactory, good results in the preliminary stages were 
obtained by the reductive condensation of the monoacetyl deriv¬ 
ative of o-phenylenediamines with aldoses : 

CHa-OH 

CH,-[CH-0H]3 

+ OCH-[CH-OHl..CH,-OH (j^HAc 

By this method, these authors synthesised Kuhn’s Z-arabo-com- 
pound (III), and they too thought that the latter might be identical 
with natural lactoflavin, the observed differences possibly being 
due to impurities in the natural product. 

At this stage, R. Kuhn and H. Kaltschmitt showed that the 
lactoflavin isolable as the tetra-acetyl derivative from Californian 
lucerne was identical with milk lactoflavin. It may be noted 
that, according to L. J. Harris,Kuhn’s lactoflavin had no anti- 
pellagra action, and in this view he was supported by P. Gyorgy.^*'* 
Yet B. C. P. Jansen regarded the identity of lactoflavin and vitamin- 
as established. 

Shortly after this, P. Karrer, K. Schopp, and F. Benz described 
the synthesis of two compounds of formula (III), one being the d- 
xylo-compound obtained by Kuhn and Weygand,^ the other a new 
substance, 6 : 7-dimethyl-9-d-l'-rihityh^oalloxazine (III; IV), which 
resembled natural lactoflavin extremely closely, the tetra-acetyl 
derivatives also being very similar. In a paper sent in five days 
later than that by Karrer and his co-workers, R. Kuhn, H. Rudy, 
and F. Weygand definitely expressed the opinion that 6 : 7- 
dimethyl-9-Z-araboflavin could not bo identical with lactoflavin, 
since it was at least three times less effective than the latter in 
growth-promoting activity. These authors further said that 
lactoflavin was possibly the d-ribo-compound (III; IV), and 
announced a now type of synthesis of the d-arabo-compound, 
starting from 4 : 5-dinitro-o-xylene : 


"0 Ber., 1935, 68, [S], 216; A., 359. 

Ihid.f p. 128; A,, 416. 

12 Biochem. J., 1935, 29, 776; A., 646. 

12 lhid.,p, 741; ^., 646. 

1^ Nature, 1936,185, 267; A., 646. 

1® Helv. Chim, Acta, 1936,18, 426; A., 631. 
i« Ber,, 1936, 68, [BJ, 626; A., 760, 
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(IV.) 


HO-C-H 

HO-C-H 


N N 



6 : 7-Dimothyl-9-Z-araboflavin 
alloxazine (Karrer). 



(Kuhn) = 6 : 7-Dimethyl-9-M'-arabitylii90- 


Other workers confirmed the identity of the riboflavin with 
lactoflavin, and showed that most other synthetic flavins (xyUtyl, 
rhamnityl, sorbityl, dulcityl, and mannityl) had no biological 
activity, although the Z-araboflavin had some. They also pointed 
out that lactoflavin is the growth-promoting substance present in 
vitamin-i? 2 , but is not necessarily the anti-pellagra factor, and this 
would explain the results of C. A. Elvehjera and C. J. Koehn.^® 
At the same time, Karrer and his co-workers described the re¬ 
ductive condensation of rf-ribose with the mono-urethane derived 
from 4 : 5-diamino-o-xylene as an alternative first stage in the 
flavin S 3 mthesi 8 . 

In order further to remove doubt as to the identity of lactoflavin, 
the antipodal varieties of fZ-ribo- and Z-arabo-flavins were prepared. 
It was found that Z-riboflavin had no growth-promoting action. 
An interesting point was also discovered by the same authors, 

CHo-[CH-OH],-CH 2 -OH 

ll N 

S?. <vo 



namely, that 7-methyl-9-cZ-l'-ribityh5oalloxazine (V) had strong 
vitamin-i ?2 action; the o-xylene structure, therefore, is not essential 


H. von Euler, P. Karrer, M. Malmberg, K. Schdpp, F. Benz, B. Becker, 
and P. Frei, Hdv. Chim, Acta, 1935, 18 , 622; A., 760. See also P. Karrer, 
H. von Euler, M. Malmberg, K. Schdpp, and F. Benz, Svenak Ketn. Tidakr., 
1936, 47 , 99; A,, 1286. 

18 J. BioL Chem., 1936, 108 , 709; A., 669. 

18 P. Karrer, H. Salomon, K. SohOpp, F. Benz, and B. Becker, Helv» Chim, 
Acta, 1935, 18 , 908; A., 1134. 
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for the latter. Later they described the S 5 mthesi 8 of the eighth 
and last possible compound of structure (III), viz.^ 6 : 7-dimethyl- 
9-d-l'-lyxityh'5oalloxazine, this establishing finally the configuration 
of the sugar residue in lactoflavin. Examination of the fluor¬ 
escence spectra of several synthetic flavins further confirmed the 
same point. 

K. Kuhn and F. Weygand22 found that the yield of flavins 
obtained by condensing sugar derivatives of o-diamines with 
alloxan is enormously improved if boric acid is used instead of 
hydrochloric acid as the condensing agent, moderately anhydrous 
solvents being beneficial. For instance, when the JV-arabityl 
derivative of diaminoxylene was treated with zinc dust and boric 
acid in boiling glacial acetic acid, followed by addition of alloxan, 
a 52% yield of the flavin was formed. Even with 2-aminodiphenyl- 
amine and alloxan under these conditions a 63% yield of 9-phenyl- 
i6'oalloxazine rna>y be obtained. 

Another interesting flavin synthesis is due to P. Karrer and 
H. F. Meerwein.2^ o-4-Xylidine was reductively condensed with 
d-ribose in presence of nickel or palladium, the product (VI) coupled 
with diazotised /;-nitroaniiine, the azo-derivative catalytically 
reduced under high pressure in presence of nickel, and the resulting 
base condensed with alloxan : 


Mel J 
(VI.) 


CHj-LCH-OHjs-CHg-OH 


(VII.) 


HO- 

HO- 

HO- 


(;!H2-o-po(oh)2 


H 
H 

l-H 

9^2 
N N 




In a summary of their work, Kuhn and his collaborators stress 
the advantages of their synthetic methods, particularly (1) the use 

20 P. Karrer, H. Salomon, K. Sch5pp, and F. Benz, Naturwise,, 1935, 83, 
355; A., 993. 

21 P. Karrer and H. Fritzsche, Helv, Ghirn, Acta, 1935,18, 911; A„ 1134, 

22 Ber., 1935, 68, [B], 1282; A,, 11,34. 

2» Helv. Chim. Acta, 1935, 18 , 1130; A,, 1510. 

2* K. Kuhn, K. Reinemtind, F. Weygand, and R. Strdbele, Ber,, 1935, 
68 , [B], 1766; A., 1382. 
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of paUadium and not nickel for reductive condensations (Karrer's 
method necessitating the employment of high pressures), and (2) 
the use of boric acid in the final stage, yields of 90% being recorded 
with <i-riboflavin : condensation of iV^-d-ribityldiaminoxylene with 
alloxan was carried out in glacial acetic acid solution at the ordinar^r 
temperature. 

An account of some of the work on lactoflavin was given in a 
lecture by R. Kuhn.^^ In this it is suggested that the parent 
yellow plant enzyme corresponding to lactoflavin is (VII). This 
acid, in the form of its sodium salt, was prepared by treating 
lactoflavin with phosphoryl chloride in presence of pyridine. 

E. E. T. 


8. The Porphyrin Group.^ 

General, 

Great advances have been made during the last few years in 
the chemistry of this group, which constitutes probably the most 
important class of natural organic colouring matters and is of the 
greatest biological interest.^ Developments in the study of haemin 
and associated compounds have already been reported.^ The 
chemistry of chlorophyll is reviewed below, together with that of 
other natural porphyrins. 

The biological importance of the porphyrins tends to obscure 
their great chemical interest. Before considering in detail the 
natural pigments, we may briefly examine the peculiarity of 
the common structural unit. It is now generally believed that the 
porphyrins contain the basic unit porphin (A),^ as was first proposed 
by W. Kiister for the blood pigment. The synthesis of this parent 
substance in very poor yield was achieved by Hans Fischer, after 
much negative work,^ by heating pyrrole-2-aldehyde with alcohol 
in boiling formic acid. The substance is a typical porphyrin in its 
general properties, notably in its spectrum. The free compound 
has a five-banded spectrum with two sharp bands in the green region; 
the copper compound has the usual two-banded spectrum of the 

Bull, Soc, Chifn. hioL, 1935, 17 , 906. 

R. Kuhn and H. Rudy, Ber., 1936, 68, [R], 383; A., 545. 

^ The term shoiild be read to include the free porphyrbie, their nioiallic 
derivatives, and substances of similar cyclic structiire. 

2 A. Treibs’s recent discoveries of porph 5 rrins in petroleum and coal have 
given the group a geochemical significance also (see p. 398). 

* Ann, Reports^ 1932, 29, 209. 

* F. Haurowitz and his associates have proposed a free-radical variant of 
this (Her., 1935, 68, [B], 1796; A., 1384). 

® H. Fischer and W. Gluin, AnnaUn, 1935, 621 , 167. 
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metallic porphyrins, and tho iron compound gives a typical haemo- 
chromogen spectrum on treatment with hydrazine. Simple deriv¬ 
atives such as octamethylporphin ® (with methyl groups on the 
P-positions of tho p 3 TTole rings) have been known for some time. 

The Kiister formula was not at first accepted, for, as Willstatter 
pointed out, it contained a 16-merabered ring of a type without 
parallel. The evidence in its support comes mainly from the 
S 5 mthetic work of H. Fischer.*^ The syntheses of porphyrins by 
the condensation of 3:4-dialkylpyrrole8 (such as opsopyrrole), 
with formaldehyde or formic acid,® and by tho fusion of 2 :2'- 
dibrornodipyrrylmethcncs with 2 :2'-dimethyldipyrrylmethene8 in 
succinic acid,^ are of particular value as indicating tho structure. 



[The positions of the imino-hydrogen atoms and the double bonds in those 
formulae are arbitrary.] 


All these synthetic methods, however, involve a loss of hydrogen 
in the final condensation, apart from tho hydrogen bromide or 
water, etc., eliminated between the condensing groups, and none 
provides a final proof of structure; nor, from the very complexity 
of the molecule, is this to be expected. On the other hand, the 
cumulative evidence is very strong, and the Kiister formula not 
only accounts for all the reactions of porphyrins, but also provides 
a satisfactory basis for Fischer’s important investigations of their 
isomerism,^ 

The recently discovered phthalocyanines throw some light 
on the problem. The formula (B) given to phthalocyanine on 

« H. Fischer and B. Walaoh, Annalm, 1926, 450, 164; 1926, 1261. 

’ H. Fischer and co-workers, ibid,, 1926, 448, 178, 193, etc.; A,, 1926, 962, 
963; particularly 1928, 462, 240; A„ 1928, 902. Cf. Ann, Reports, 1932, 
29, 209. 

® H. Fischer and A. Treibs, Annalen, 1926, 450, 132; A., 1926, 1266* 
Ber., 1927, 60, 379; A., 1927, 365. 

• H. Fischer, P. Halbig, and B. Walach, Annalen, 1927, 452. 268; A„ 
1927, 469. 

R. P. Linstead, J,, 1934, 1016; A,, 1034, 1114. 
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chemical evidence has been confirmed by J. M. Robertson’s 
X-ray examination.^^ The molecular weight and the dimen¬ 
sions have been determined and the structure is certain (apart 
from detail of the fine structure). The entry of a metallic atom has 
hardly any efiect on the size of the molecule.Phthalocyanine 
contains a central 16-membered ring of a ty[)e essentially similar 
to that postulated for the porphyrins (but containing 4 —for 
4 —CH=^) and resembles the latter in many physical and chemical 
properties.There is no doubt, therefore, that stable rings of 
this type can exist and the Kiister formula is strongly supported by 
the resemblance.^^ 

When these largo rings are present the chemistry of the molecule 
is profoundly modified; e.g., phthalocyanine shows none of the 
ordinary instability of an isoindole derivative, nor a porphyrin 
that of a pyrrole. There is in fact an approach to an aromatic 
character, presumably arising from the formation of the unbroken 
conjugated ring. This is seen in the tendency to formation and in 
the great stability of the type. The porphyrin nucleus survives 
the most diverse chemical treatment. Unlike almost all other 
coloured organic compounds, porphyrins are not reduced by alkaline 
hyposulphite or by hydrogen over palladium in alkaline solution. 
They are reduced by more drastic reagents, but are readily regener¬ 
ated from the leuco-compounds (Fischer, R. Kuhn, Conant). 
Porphyrins can be halogenated,!®-^'^ nitrated,and sulphonated.^® 
The stereochemistry of both phthalocyanine and the porphyrins 
is essentially aromatic; the phthalocyanine ring has been proved 
experimentally to be flat and porphyrins show no optical activity.^ 

C. E. Dent, R. V. Linstead, and A. R. Lowe, J., Um, 1033; A., 1934, 

1114. 

12 1935, 615; A.f 813. F. Haurowitz (ref. 4) has also found that 

metallic derivatives of porphyrins have substantially the same dimensions 
as the parent substances. 

1* J. M. Robertson, R. P. Linstead, and C. E. Dent, Nature^ 1935, 184, 
506; A., 689; cf. R. P. Linstead and A. R. Lowe, J., 1934,1031; A., 1934, 1114. 

1* In the lost few months, H. Fischer, H. Haberland, and A. Miiller 
{Annalen^ 1935, 621, 122) have described pyrrole derivatives of a new type, 
called di-iminoporphyrins. These contain four pyrrole rings joined on 
two sides by the ordinary methenes and on the other two sides by (—NH—) 
or (—groups. These substances to some extent bridge the gap between 
porphyrins and phthalocyanines. 

1® J. B. Conant and J. F. Hyde, J. Amer, Chem, Soc., 1930, 52, 1233; A., 
1930, 799. 

i« H. Fischer and G. Staugler, AnnaUn, 1927, 459, 53; A., 1928, 76. 

H. Fischer and W. Neumann, ibid., 1932, 494, 228; A., 1932, 626. 

H. Fischer, M. Speitman, and H. Meth, ibid., 1934,508, 154; A., 1934, 308. 

Troibs, ibid., 1933, 506, 196; A., 1933, 1309, 

H. Fischer and A. Stern, 1935,519,68; 520,88; A., 1136, 1383. 

m2 
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The absorption spectra of porphyrins in the visible region are 
remarkably like the ultra-violet spectrum of benzene.Finally, 
no isomerides are known corresponding with changes in the fine 
structure; e.g., no porphyrin exists in two forms, one with the 
imino-hydrogen atoms on adjacent pyrrole rings (as in A), the 
other with them on diagonally opposite rings. Neither are isomeric 
metallic derivatives of these forms known (Fischer, Conant, Dietz). 
The same appears to be true of phthalocyanines. This of course 
corresponds with the fact that o-disubstituted benzenes do not 
exist in two forms. 


Chlorophyll 

Chlorophyll has occupied the attention of chemists for nearly a 
century, since Berzelius first attempted to isolate the pigment from 
green leaves, but it is only in the last thirty years that real progress 
has been made. To-day the problem of its constitution is nearly 
solved, thanks mainly to the researches of Willstatter and Hans 
Fischer and their collaborators. Valuable contributions have 
also been made by J. B. Conant, A. Stoll, and L. Marchlewski. 
Some of the earlier work has already been summarised in these 
Reports,but a short (critical review of it in the light of the most 
recent developments is now given because the problem and the 
nomenclature are very complex and the early results have been 
corrected in some respects. 

Chlorophyll occurs in the chloroplasts of green plants, mainly 
in the leaves, accompanied by the yellow pigments carotin, xantho- 
phyll, and (in brown algae) fucoxanthin. G. G. Stokes ^ and 
H. C. Sorby provided the first evidence that chlorophyll is not 
homogeneous and this was confirmed by M. Tswett,^® the discoverer 
of the chromatographic method of analysis. At one time it was 
thought that a large number of different chlorophylls existed, 
that of monocotyledons, for example, being different from that of 
dicotyledons, but this was disproved by R. Willstatter,who 

J. B. Conant and S. E. Kainorling, J. Amer. Chem. Soc.y 1931, 58, 3522; 
A.y 1931, 1310; seep, 390. 

22 Greneral accounts are given by R. Willstatter and A. Stoll (“ Unter- 
siichungen iiber Chlorophyll,” Berlin, 1913) and by H. Fischer (Opponheimor’s 
“Handbuch derBiochemie,” 1923,351; 1930,87; 1933,262; J., 1934, 245), 
and valuable short reviews by K. F. Armstrong {Chem. and Ind.y 1933, 809) 
and E. M. Dietz (J. Chern. Educ., 1935, 12, 208). 

23 Ann. ReporUy 1911, 8, 144; 1912, 9, 169; 1913, 10, 151. 

2* Proc. Roy. Soc.y 1864, 13, 144; J., 1864, 17, 304. 

25 Proc. Roy. Soc.y 1873, 21, 442, 

2® Ber.y 1908, 41, 1352; Ber. deut. hot. Oea.y 1906, 24, 316; A., 1908, i, 
440; 1906, i, 973. 

2 ’ R. Willstatter and A. Stoll, “ Chlorophyll,” p. 117. 
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showed that chlorophyll from a wide variety of sources is a mixture 
of two very similar pigments, the blue-green chlorophyll a and the 
yellow-green chlorophyll b. The proportion of these forms in land 
plants is about 3 of a to 1 of h, but the amount of h is much smaller 
in brown algae. Dry leaves contain some 0*8% of mixed chloro¬ 
phylls. One recent claim for the discovery of a third form (c) 
has been disproved,^® but an independent line of evidence, although 
indirect, suggests that chlorophyll a may itself be a mixture of two 
isomerides.^ 

Chlorophyll is a waxy solid which has not yet been obtained 
crystalline. When green leaves are extracted with alcohol, a 
crystalline green pigment is produced,®^ but this involves a secondary 
decomposition, the formation of a chlorophyllide. Chlorophyll is 
best isolated by extracting dried green leaves with acetone con¬ 
taining 15—20% of water; the solution is then diluted with light 
petroleum, and the acetone removed with waterAbout 80% of 
the total chlorophyll can be extracted in this way. Tswett 
separated crude chlorophyll in small amounts into the a and the h 
component (and the carotenoids) by passing a benzene solution 
through a column of calcium carbonate or sugar. R. Willstatter 
and M. Isler removed the chlorophyll h by extracting the petroleum 
solution of the crude pigment with 90% methyl alcohol.Tswett’s 
method has been improved by A. Winterstein and G. Stein,^ and 
Willstatter’s by A. Stoll and E. Wiedemann.^^ Absorption spectra 
indicate that the older preparations of chlorophyll h contained 
some 10% of a. For work on the degradation products it is usual, 
not to separate the two chlorophylls, but to hydrolyse the mixed 
pigment to phaeophorbide {a h) and separate this into its com¬ 
ponents by acid fractionation (p. 366). 

Chlorophyll and closely related substances retain solvents 
(particularly water) tenaciously and their analysis is diflScult. 
The formulae originally given to the two components by Willstatter,^® 
and accepted to-day, are : a, CssH^aOsN^Mg; b, Cs^H^oOeN.Mg. 

F. P. Zscheile, Bot. Oaz., 1934, 96 , 529; A., 1934, 1116. 

A. Winterstein and K. Sch6n, Z. physiol. Chem., 1934, 230 , 139; A,, 
1935, 362. 

J. B. Conant and E. M. Dietz, Nature, 1933, 131 , 131; A., 1933, 287; 
see p. 388. 

81 J. Borodin, Bot. Ztg., 1882, 40 , 608. 

88 R. Willstatter and E. Hug, Annalen, 1910, 878, 21; A., 1911, i, 393. 

88 Ibifl., 1912, 390 , 269; A., 1912, i, 710. 

8* Z. physiol. Chem.f 1933, 220 , 263; A., 1934, 91 ; compare ref. 29. 

88 Helv. Chim. Acta, 1933, 16 . 739; A., 1933, 838. 

88 “ Chlorophyll,” p. 144. The analyses for chlorophyll a actually agreed 
with the values required for a semihydrate, C 55 H 7 g 04 N 4 Mg,JH 20 . 
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Earlier workers had believed that chlorophyll contained iron, 
phosphorus, and other elements. The quantitative basis for 
these formulae is mainly the analysis of degradation products, 
particularly the chlorophyhides and phaeophorbides. 

ChlorophylUdes, —^Willstatter found that, when chlorophyll in 
green leaves is extracted with ethyl alcohol, a phytyl group (C 20 H 3 Q) 
is replaced by ethyl, the reaction being catalysed by an enzyme, 
chlorophyllase, present in the leaf.^’ The bluish-green product 
crystalHne chlorophyll is a mixture of ethyl chlorophyllidos 
(a + 6 ), which form mixed crystals. These may be separated by 
partition between aqueous methyl alcohol and a mixture of ether 
and light petroleum. Ethyl chlorophyllide a has the formula 
C 37 H 3 g 05 N 4 Mg and the change in the a series is interpreted by 
Willstatter as follows : 

(I.) f 

(II.) i-C3oH33-OH 


These formulae embody the fact (proved later) that chlorophyll and 
ethyl chlorophyllide contain a carbomethoxy-group. This made the 
examination of the structure of ethyl chlorophyllide difficult, 
because Zeisel determinations yielded a mixture of methyl and 
ethyl iodides. Methyl chlorophyllide a (III, R = CH 3 ) can be 
made similarly, and a free chlorophyllide a (III, R — H) by hydro¬ 
lysing leaf chlorophyll with acetone containing 33% of water and 
separating the a and the h component by partition.^® 


n TJ mvT Tvr ^C0*0*CH3 
(III.) 




(IV.) 


In the chlorophyllase reaction the phytyl group is liberated as 
phytyl alcohol (IV), the structure of which has been determined by 
F. Gottwalt Fischer and K. Lowenberg,^® who synthesised it from 
^-ionone. It contains four isoprene imits. The chlorophyll 
from about 2 (K) different plants yields the same phytol in some 
30% yield.^ The phytyl group is responsible for the wax-like 
properties of chlorophyll and its power of forming colloidal 
solutions. 

R, Willstatter and M. Utzinger, Annalen, 1911, 882, 129; A., 1911, 
i, 659. 

»» R. WiUstatter, “ ChlorophyU,” p. 216. 

Ann. Reportsf 1929, 26 , 220. 

R. Willstatter, F. Hocheder, and E. Hug, AnnaUn^ 1909, 871 , 1; A., 
1910, ii, 150. 
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Phceophorbides ,—^In 1907, R. Willst&tter and P- Hocheder^^ 
succeeded in removing the magnesium from chlorophyll and the 
chlorophyllides without secondary decomposition. The olive- 
brown solids obtained were called pheeophorbides. Leaf chloro¬ 
phyll on treatment with hydrated oxalic acid in alcohol yielded 
phytyl phaeophorbide or phaeophytin (V),* and methyl chloro- 
phyllide on treatment with 17% hydrochloric acid in ether was 
converted into methyl phaeophorbide (VI). The action of stronger 
acid hydrolysed the phytyl group from phaeophytin and one methyl 
group from methyl cMorophyllide to yield phaeophorbide (VII), 
which contained a free carboxy-group. Methyl phaeophorbide 
could be obtained by hydrolysis of phaeophytin with methyl- 
alcoholic hydrogen chloride. 


iMeOn, (V.) 

^tnzyme 

OIST iioi H ON 

^3att30^^>4^>'^g<.CO2Me —> ^ j ^01 

(VII.) 


These substances were obtained as mixtures of a and b compounds 
which could be separated by partition between ether and hydro¬ 
chloric acid. The separation of phaeophorbide a and b is very 
important in practice, as it is more easily carried out than that of the 
magnesium-containing compounds. 

These reactions reveal a considerable difference in ease of hydro¬ 
lysis of the two ester groups. Esters of the carboxy-group which 
carries the phytyl group in chlorophyll are readily hydrolysed, 
whereas the original carbomethoxy-group present in the natural 
pigments remains intact. 

Although the phytol-free compounds can easily be obtained 
crystalline, the determination of their molecular formulae has 
given some difficulty. The formulae shown above aU contain 
5 atoms of oxygen, following Willstatter. When the study of 
chlorophyll was renewed by H. Fischer and J. B. Conant, both 
investigators at first preferred formulae containing 6 atoms of 

AnneUen, 1907, 354 , 205; A., 1907, i, 959; “Chlorophyll,” Chap. 

XV, 

* The formulae (V—^VII) are for the a series. 
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oxygen.^® In 1932, however, A. Stoll and E. Wiedemann reaflSrmed 
the O 5 formulae^® and these were also adopted independently by 
both the other schools.*^ 

Acid Separation (Willstatter).^^—Similar substances of the 
chlorophyll or of the porphyrin series are separated by means of 
their difference in basicity, an ethereal solution of the material 
being extracted successively with hydrochloric acid of increasing 
strength. This procedure cannot be used with compounds con¬ 
taining labile metals, such as chlorophyll itself, unless the elimination 
of metal is immaterial. The acid number of a substance is defined 
as the percentage concentration of hydrochloric acid which extracts 
two-thirds of it from an equal volume of an ethereal solution : 
methyl phaeophorbide a has an acid number of 16 and is completely 
extracted by 18% acid, whereas methyl phaeophorbide 6 , with an 
acid number of 21 , requires 23% acid for complete removal. 
Extraction of an ethereal solution of methyl phaeophorbide a + 6 
with 17% acid therefore leads to almost complete separation. 
Solutions of the sodium phosphates also are used for such 
separations. 

Chlorin e.—Willstiitter found that, when either phaoophytin or 
phaeophorbide is hydrolysed by boiling methyl-alcoholic caustic 
potash for 30 seconds, ph 5 d}ochlorin e (a series) and phytorhodin g 
{h series) are formed.^® These can be separated by acid fraction¬ 
ation or the individual substances can be prepared from the 
separated phaeophorbides. 

From this point it is convenient to concentrate on the compounds 
of the a series. These have received much fuller study because they 
are more accessible and crystallise better. 

The conversion of phaeophorbide a into chlorin e (VIII) involves 
the hydrolysis of the stable methyl ester group and the addition of 
a molecule of water : 

H. Fischer and R. Baumler, Annalerif 1929, 474, 69; A.^ 1929, 1186; 
J. B. Conant and J. F. Hyde, J. Amer, Ghem, Soc,, 1929, 61, 3668; A., 1930, 
226. 

On the occasion of the celebration of Willstatter’s 60th birthday; Natur- 
wiss,, 1932, 20, 628. The analytical figures were published later (Helv. Chim. 
Acta, 1933, 16, 202, 739; A., 1933, 287, 838). 

** H. Fischer and H. Siebel, Annalen, 1932, 499, 84; A., 1932, 1263; 
compare H. Fischer, O. Moldenhauer, and O. Stis, ibid,, 1931, 486, 168; A., 
1931, 744; J. B. Conant and C. F. Bailey, J. Amer. Chem, Soc., 1933, 55, 
797; J. B. Conant and E. M. Dietz, ibid,, p. 839; A., 1933, 1403. 

« “ Chlorophyll,” p. 262. 

These substances are now generally called chlorin e and rhodin g re¬ 
spectively. The suffixes date from the time when series of chlorins and 
rhodins (of doubtful homogeneity) were obtained by acid fractionation. 
Only chlorin e need be considered here. 
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yC02Me 2HaO yG02^ 

CgaHagON/ —+ MeOH 

\CO2H ^COgH 

(VIIL) 

Chlorin e is a tribasic acid and yields the same characteristic tri¬ 
methyl ester by the action of methyl sulphate on the potassium 
salt^"^ and by treatment with diazomethane.This shows that 
the fifth oxygen atom in phaeophorbide is part of a 0 -acidic group. 
Willstatter inteipreted the reaction as the opening of a lactam ring, 
a suggestion later adopted by J. B. Conant and E. M. Dietz, 
whereas Fischer regards it as the fission of a cyclic P-ketonio ester. 
These suggestions will be considered later. 

The three carboxy-groups of chlorin e are dissimilar, and two 
monomethyl and two dimethyl esters have been obtained by 
partial esterification of the free acid and partial hydrolysis of 
the trimethyl ester.^ Fischer has recently found that pha30- 
phorbide and methyl phaeophorbide both yield the trimethyl ester 
of chlorin e on standing with diazomethano in methyl alcohol.®^ 
This remarkable reaction involves a methanolysis catalysed by the 
diazomethane; when ethyl alcohol is used as solvent, the 0-acidic 
oxygen emerges as a carbethoxy-group. 

Chlorin e and rhodin g are only obtained by the alkaline hydro¬ 
lysis of phaeophorbides under conditions which prevent (or delay) 
atmospheric oxidation (see p. 385). In the presence of oxygen 
these and other derivatives of chlorophyll undergo the ** phase 
test.’' This is a colour reaction which occurs when an ethereal 
solution of chlorophyll, a phorbide, a phyllide, or chlorin e (tri-ester) 
is shaken with methyl-alcoholic potash. The colour changes to 
a bright yellow-brown and then back to green (Molisch). Chloro¬ 
phyll derivatives which show this change are said to be phase¬ 
positive. 

A reaction analogous to the formation of chlorin e is observed 
with chlorophyll itself. Hot potash under suitable conditions con¬ 
verts this into isochlorophyllins as tripotassium salts. The phytyl 

R. Willstatter and M. Utzinger, Annalen, 1911, 382, 171; A.^ 1911, i, 
659; compare H. Fischer and O. Moldenhauer, ibid.y 1930, 478, 54; A.y 1930, 
482. 

« A. Treibs and E. Wiedemann, ibid.y 1928, 466, 264; 1929, 471, 146; 
A., 1928, 1383; 1929,941. 

« J. Amer. Ghem. Soc., 1933, 65, 839; A., 1933, 403. 

H. Fischer and H. Siebel, Annalen, 1932, 499, 84; A.y 1932, 1263; J. B. 
Conant and K. F. Armstrong, J. Amer. Ghem. Soc.y 1933, 55, 829; A., 1933, 
403, 

H. Fischer, W. Gottschaldt, and G. Klebs, AnnaleUy 1932, 498, 194; 
A.y 1932, 1263; H. Fischer and J. Riedmair, ibid., 1933, 606, 107; A.y 1933, 
1308. 
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and methyl groups are hydrolysed and the ^-acidic group fixes the 
third potassium atom. The magnesium is not affected, iso- 
Chlorophyllin a (IX) 3 delds chlorin e on treatment with a-cids. 

acid 

(I) —> [C32H3oON,Mg(C02H)2] —> C3iH3iN,Mg(COaK)3--^ (VIII) 

Vigorous Degradation hy Alkali ,—^The conversion of chlorophyll 
derivatives into porphyrins by the action of alkali at high temper¬ 
atures was first achieved by E. Hoppe-Soyler,^® E. Schunck,®^ and 
E. Schunck and L. Marchlewski.^® Willstatter and his collabor¬ 
ators found that the action of methyl-alcoholic potash and pyridine 
on ^ 5 ochlorophyUins under pressure at 140—190° led to graded 
decarboxylation and the formation of a series of magnesium- 
containing phyllins. These could be separated through their 
potassium or ammonium salts. Acid eliminated the magnesium 
from the phyUins with the formation of the corresponding porphyrins 
(H 2 for Mg). The third carboxy-group could not be ehminated 
in this way and the final product was phyllophyllin, 
C 3 iH 33 N 4 Mg*C 02 H, the porphyrin corresponding to which (phyllo- 
porphyrin) had already been isolated by the earlier workers.®®' ®® 

The alkaline degradation of the corresponding magnesium-free 
compounds, particularly of chlorin e, 3 delded a se^ries of porphyrins 
which could be separated by the Willstatter method.®^'®®'®® There 
is some difference between the results of the various schools 
regarding the intermediate substances isolated in this reaction, but 
general agreement on the main final products. These are three 
porphyrins of known constitution : two are monocarboxylic acids, 
phylloporph 3 u:in, C 3 jH 35 N 4 *C 02 H (already mentioned), and pyrro- 
porphyrin, C 3 oH 33 N 4 *C 02 H, and one a dicarboxylic acid, rhodo- 
porphyrin, € 301132 X 4 ( 00211 ) 2 . It was first thought that the two 
monocarboxylic acids were isomeric, but it is now known that 
phylloporphyrin is a methyl pyrroporphyrin. Rhodoporphyrin is 
a carboxypyrroporphyrin and can readily be decarboxylated to 

Probable constitution; cf. “Chlorophyll,’* Chap. XVIII. 

53 Z, physiol. Chem,, 1879, 3, 339; 1880, 4, 193; A., 1880, 63, 894. 

5* Proc, Roy. Soc., 1891, 60, .302. 

55 Ibid., 1896, 67, 314; Annalen, 1894, 284, 81; A., 1894, i, 341; 1895, 
i, 296. 

55 R. Willstatter and A. Pfannenstiel, ibid., 1907, 858, 206; R. Willstatter 
and H. Fritzsche, ibid., 1909, 371, 33; A., 1908, i, 198; 1910, i, 126. Will- 
statter also studied the corresponding degradations of allomerised chlorophyll. 

5’ R. Willstatter, “ Chlorophyll,” p. 363. 

*• H. Fischer and A. Treibs, Annalen, 1928, 466, 188; A., 1928, 1382. 

5» A. Treibs and E. Wiedemann, ibid., p. 264; A., 1928, 1383. 
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pyrroporphyrin. Phylloporphyrin can be converted into pyrro- 
porphyrin by drastic treatment with alkali. 

The last carboxy-group in pyrro- and phyllo-porphyrins (and 
in the corresponding phyllins) is very stable. Decarboxylation 
is best effected by dry distillation with soda-lime or by pyrolysis 
of the free acids alone or in high-boiUng solvents.^® In this way 
the oxygen-free parent substances of the group are obtained; 
phylloporphyrin yields phyllosetioporphyrin, € 31113 ^X 4 , and pyrro¬ 
porphyrin yields pyrroaetioporphyrin, C 30 H 34 N 4 . Phylloaetiopor- 
phyrin is degraded to pyrroictioporphyrin by sodium ethoxide at 
a high temperature.^^ The corresponding magnesium compound, 
(pyrro)fetiophyllin, has been obtained by decarboxylating rhodo- 
phyllin.«i 


Phylloporphyrin —Phylloaetioporphyrin 


Chlorin e 

I (-0.11.0. 

Y . . (-00.) 


alkali 


(-CH.) 


NttOEt 


OO2 


(-OH,) 


Rhodoporphyrin-Pyrroporphyrin-Pyrroadioporphyrin 


It was at first thought that the eetioporphyrins from chloro¬ 
phyll were identical with that derived from the blood pigment 
(rncsoDetioporphyrin). This has been shown to be incorrect by 
Hans Fischer. Nevertheless these chlorophyll porphyrins resemble 
the porphyrins of the haemin series in general properties and 
are red, crystalline solids with low acid numbers. They are 
simply inter-related, but the reaction by which they are formed 
from chlorin e is comparatively complex, as will be seen later. 
Wo have now left the exact chlorophyll type, but are approaching 
substances of known constitution. 

Degradation to Pyrroles ,—^The drastic oxidation of intact chloro¬ 
phyll has given no useful results, probably on account of compli¬ 
cations arising from the presence of the phytyl group. Following 
W. Kiister’s classical work on the oxidation of haemin,®^ L. 
Marchlewski oxidised phylloporphyrin with chromic acid to the 
nitrogen-free anhydride, CgHgO^, corresponding to hsematio acid 
(X, 0 for NH).®^ R. Willstatter and Y. Asahina found that 
rhodo-, phyllo-, and pyrro-porphyrins and chlorin e gave the same 
mixture of methylethylmaleinimide (XI) and haematic acid (X) 


R. Willstatter and Max Fischer, Z. physiol. Chem.^ 1913, 87, 430; A., 
1913, i, 1251. 

Idem, Annalen, 1913, 400, 182; A., 1913, i, 1218. 

Z. physiol. Chem., 1899, 88, 1, etc.; A., 1900, i, 68, 

J. pr. Chem., 1902, [ii], 65, 161; A., 1902, i, 387. 

AnnaUn, 1910, 373, 227; A., 1910, i, 499. 
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when oxidised by chromic acid, Caro’s acid, or lead peroxide. The 
structures of these were already known. 

NH NH NH NH NH 

COr^CO C0/\C0 i 1 ^|Me Me,/\,Me 

MeUJEt Me'J_HEt Me'J_"Et MeP . --"Et 

CH.,-C02H 

(XI.) (X.) “ (Xir.) (XIII.) (XIV.) 

One molecule of the chlorophyll derivative yielded rather less 
than one molecule of the acid (X) but considerably more than 
one molecule of the imide (XI). 

Following prehminary work by M. Nencki and L. Marchlewski,®® 
R/. Willstatter and Y. Asahina reduced phylloporph 3 u*in with hydro¬ 
gen iodide and acetic acid under drastic conditions to haBmopyrrole 
(XII), kryptopyrrolc (XIII), and phyllopyrrole (XIV).6« Ethyl 
chlorophyllide was reduced similarly to a mixture of dirnethylethyl- 
pyrroles, and chlorin e. to crude hsemopyrrole and phyllopyrrole. 
The yields in all these degradations were noticeably worse than those 
encountered in the hiemin series. It was subsequently observed 
by H. Fischer, A. Merka, and E, Plotz that chlorophyll, unlike 
haemin, gave on reduction with hydriodic acid about one molecular 
proportion of carbon dioxide, corresponding to the presence of a 
labile carboxyl group. 

The general conclusions from these results are that at least 
three pyrrole rings are present in the molecule of chlorophyll and 
its derivatives, that one pyrrole carries a methyl group and a propionic 
acid group in the p-position, that two pyrroles carry methyl and 
ethyl groups in the p-position, and that the pyrrole rings are joined 
through carbon atoms (such as methene groups) in the a-position. 

Structure of Rhodo-, Phyllo-, and Pyrro-porphyrins .—We now 
turn to Fischer’s brilliant synthetic work in the field. The existence 
of four stable nitrogen atoms in the molecule and the drastic degrad¬ 
ation to pyrroles suggested that phylloporphyrin and its associates 
belonged to the porphyrin series. Moreover, the absorption 
spectrum of p 3 UToporphyrin, and to a less extent of phylloporphyrin, 
was close to that of the porphyrins of the blood series, such as 
mesoporphyrin. If the parent astioporphyrin of the chlorophyll 
series were identical or isomeric with that of the haemin series, 
it seemed possible that pyrroporphyrin (and phylloporphyrin, 
which was then thought to be isomeric with it) might be a simple 
monocarboxylated derivative, namely, a tetramethyltriethylporphin- 

«« J5er., 1901, 84, 1687; A., 1901, i, 564. 

Annalen, 1911, 886, 188; A., 1912, i, 41. 

Ibid,, 1930, 478, 283; A., 1930, 620. 
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propionic acid such as (XV). (It is true that this would mean 
that pyrroporphyrin would contain 33 instead of 31 carbon atoms, 
but analysis could not decide definitely on this point.) The eight 
possible isomeric acids of this type were synthesised by Fischer 
and his co-workers and characterised by the melting points of 
their methyl esters and in other ways. None was identical with 
either pyrro- or phyllo-porphyrin. 

EtMe 

(XV.) ^Me “ CH2*CH2*C02H hero and subsequently.) 

p Et 

At about the same time it was found by A. Treibs and E. Wiede¬ 
mann that pyrroporph 3 rrin could be brominated to a mono- 
bromo-compound which yielded bromocitraconirnide on oxidation. 
Hence p 3 Troporphyrin contained at least one ring of the type 

probably a tetramethyldiethylporphinpropionic 

acid. It was possible to test this by subjecting the free methene 
group to a series of reactions resembling that used in the S 3 nnitheBiB 
of hajmin,’! namely, R-H—^ R-COMe—^ R-CH(OH)Me—> 
R'CHICHg —> R'Et (where R = tetramethyldiethylporphin- 
propionic acid, less H). By this process pyrroporphyrin was 
converted into one of the tetramethyltriethylporphinpropionic 
acids already synthesised. The acid actually obtained (methyl 


The mothene groups and pyrrole rings of porphin are numbered and 
lettered as shown in (XVI). The placing of the hydrogens on the nitrogen 
atoms, and the consequent position of the double bonds, is arbitrary. For 
the purpose of indicating the position of substituents, the formula is most 
conveniently abbreviated to (XVIa), where the lines represent the j3)3-sides 
of the four pyrrole rings. 


(XVL) 


lOH 


CH “ CH 


8CH 


,Ci-—'NH HN'- 


8Ch! 


-N 


N,7 


CH CH 

7 y 6 


■^Nch* 

^Lic. 

CHjS 

— 

CH8 


2 3 


l/ \4 

\ 


7 6 

(XVIo.) 


H. Fischer, H. Qrosselfinger, and G. Stangler, ^nnaien, 1928, 461, 221; 
A., 1928, 651. 

H. Fischer, H. K. Weichmann, and K. Zeile, ibid,, 1929, 476, 241; A., 
1929, 1465. 

See Ann, Reporta, 1932, 20, 209. 
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ester, m. p. 271'’) was identical with the synthetic acid of formula 
(XV), in which the orientation of the groups followed from the 
method of synthesis. This at once proved that p 3 rrroporphyrin 
was a tetramethyldiethylporphinpropionic acid. It was uncertain 
which of the ethyl groups of the triethyl compound had been 
introduced by the acetylation and subsequent treatment and which 
were the two already present in the p 3 aToporphyi*in. The free 
metheno group of the latter could, however, only be at Cg, C 4 , or Cg. 

This was settled by an examination of rhodoporphyrin. As 
has been stated, this substance contains two carboxy-groiips, 
one of which is easily removed with the formation of p 3 aToporj)h 3 n’in. 
It was known from work in the haunin series that o-carboxylic 
acids of the porphyrin series (e,g., the large class which contains 
the carboxy-group at the end of a nuclear ethyl group, as 

CH 2 *CH 2 *C 02 H) are only decarboxylated with great difficulty. 
As the labile carboxy-group of rhodoporph 3 u:in was not substituted 
in an alkyl group, it was presumably nuclear, being placed on the 
free methene group of pyrroporphyrin. Rhodoi^orphyrin was 
therefore either (XVII), (XVIII), or (XIX). 

Et Me Et Me CO 2 H Me Et Et 

^Et Me/ /cOjH Ms/ ^Et Ms/ ^Me 

Me\^ ^Me Me\^ ^Me Me\^ ^ \ 

p dOgll p Et p Me Mo 

(xvn.) (xviii.) (XIX.) (XX.) 

It was known from the study of natural and synthetic uroporphyrins 
that the absorption spectra of compounds with adjacent carboxj- 
groups differed slightly from those in which the carboxy-groups 
were separated by alkyls. Comparison of the spectrum of 
“ natural rhodoporphyrin with that of a synthetic isomeride (?^X) 
showed the same difference and indicated that in rhodoporphyrin 
the nuclear carboxyl was on Cg, next to the propionic acid group. 

This was confirmed by synthesis. Synthetic 1:3:5: 8 -tetra- 
methyl-2:4-diethyl-6-carboxyporphin-7-propionic acid (XXI; 
A == CO 2 H, B — CH 2 ’CH 2 *C 02 H) was identical with rhodopor¬ 
phyrin. The corresponding compound without the 6 -carboxy- 
group (XXI; A = H, B = CHg'CHg’COgH) was also synthesised, 
and proved to be identical with pyrroporphyrin.'^^ It followed that 
the completely decarboxylated pyrroeetioporphyrin was I : 3 : 5 : 8 - 

’2 H. Fischer and A. Schormtiller, Annalen, 1929, 473, 211; A., 1929, 
1184. 

H. Fischer, H. Berg, and A. Schormtiller, ibid., 1930, 480, 109, 189; 
482, 232; A., 1930, 931; 1931, 101. 
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tetramethyl-2 r 4 : 7-triethylporphin (XXI; A 
This also was proved by synthesis. 



Me' !Me 

B A 


(XXI.^ 


H, B-Et), 


The very important fact emerges that the parent ])orphyrins 
of the hsemin and chlorophyll series are closely related in structure.'^^ 
Hasmin is the ferric (chloride) derivative of protoporphyrin (XXII). 
On reduction the latter gives mesoporphyrin (XXIII), which on 
decarboxylation yields aetioporphyrin-III (XXIV). This has 
exactly the same substituents, except on Cq, as pyrroietioporphyrin 
and is in fact G-ethylpyrroaetioporphyrin. This relationship is 
of considerable biological significance. 


CHalCH Me 
Me^ \/CH:CH, 
yKo 

P P 

(XXII.) 


Et Me 

Me-/ ^Et 

Me\^ /Me 

P P 

(XXIII.) 


Et Me 

Me/" '/Et 

MGs^ 7 6 ^/^^ 

tet Et 


(XXIV.) 


The similarity between the two series suggested the possibility of 
interconversion and this was realised by Fischer in both directions. 
Pyrroporphyrin was converted into mesoporphyrin, identical 
with that obtained from hsemin,'^® by a complicated series of 
reactions, in which the essential changes on Cg were the following : 


CU,Cl-0Me,SuCl4 HBr potasHiomaloiuitc 

R.H - ^ R'CHjj’OMe —R-CH^Br - 


R-CH2-CH(C02Me) 


hydrolysis, 

2 decarboxylation 


R-CHvCHvOOaH 


Mesoporphyrin dimethyl ester has been degraded to a pyrropor* 
phyrin,’® isomeric with the ‘‘ natural ” compound, with the Cg and 
C 7 groups reversed. 

Phylloporphyrin, which is richer by CHg than pyrroporphyrin, 
must contain a similar disposition of nuclear substituents, as it 
yields the latter with sodium ethoxide. The most probable structure 


Verdeil’s claim {Cornpt. rend,, 1861, 33, 689) that the pigments of the 
leaf and the blood were related was thus prophetic, although based on invalid 
experimental work. 

H. Fischer and H. J. Biedl, Amialen, 1931, 486, 178; A., 1931, 744, 

H. Fischer and J. Ebersberger, ibid., 1934, 609, 19; A., 1934, 421. 
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was that having two of the p5^role rings joined, not by an a-methene 
group as in the simple porphyrins, but by the group —CMe— 
There are four dissimilar methene bridges (a, p, y, S in formula 
XVI) in pyrroporphyrin, so four bridge-methyl derivatives are 
possible. These were all synthesised; the substance with the 
methyl, group on Cy (XXV) was identical with phylloporphyrin 
from natural sources.’^® It followed that phyllosetioporphyrin had 
the analogous structure with an ethyl group for —CH2*CH2*C02H 
on C7. 

If the structure of the porphyrins be held to be proved by 
these syntheses,’^ the question arises as to how far we can apply 
this knowledge to the structure of chlorophyll itself. Willstatter 
pointed out the need for caution here, because the vigorous alkaline 
degradation may cause some deep-seated change in the molecule. 
Nevertheless several facts suggest that the relationship is fairly 
close : (i) The same porphyrins and not isomerides are always 
obtained as final products in the alkaline degradation; the order of 
substituents remains the same, and hence it is unhkely that there has 
been a ring fission and resynthesis, (ii) Some of the reagents which 
convert chlorin e into phylloporphyrin are comparatively mild, 
e.^., boiling quinoline, phosphoric acid at 140 °.®® 



On the hypothesis of a fairly close structural resemblance, we 
arrive at the skeleton (XXVI) for chlorophyll a,®^ in which the 
double bonds are neglected. The magnesium atom is placed on two 
jjyrrole nitrogen atoms by analogy with the iron of haemin and 

” A —CH-“ CH— bridge was also considered by Fischer, but was abandoned 
in view of the synthetic results. 

^8 H. Fischer and H. Helberger, Annaleuy 1930, 480, 236; A., 1930, 932; 
H. Fischer, W. Siedel, and L. Le Tliieny d’Ennequin, ibid., 1933, 500, 137; 
A., 1933, 286. 

’8 The evidence is strong but not final (see p. 360). 

B. Willstatter and M. Utzinger, Amxalen, 1911, 382, 171; A., 1911, i, 

669. 

This should be compared with the formulse advanced by Fischer, Conant, 
and Stoll (p. 379). 
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because the existence of aetiophyllin shows that the metal can be 
combined independently of oxygen. If to the formula of pyrro- 
porphyrin the methyl and phytyl groups and the magnesium atom 
are added and the four hydrogens which these groups replace are 
subtracted, a formula is obtained which differs from that of chloro¬ 
phyll a (C55H,,05N,Mg) by (C3O3) : 

IC31H34O2N4 + CH3 + C20H3, + Mg - 4 H Cs^H^^O^N^Mg]. 
From the formation of phyllo- and rhodo-porphyrins we may place 
a carbon atom on and an oxygen-carrying carbon atom on Cg. 
If allowance is made for the hydrogen atoms replaced, the unlocated 
substituents become (CH2O2), which may be presumed to be 
attached to the substituents on Cg and Cy. Further, chloro¬ 
phyll a contains two carboxy-groups, carrying the phytyl and a 
methyl group. One of these is located in the pro])ionic acid group 
on C7; the other must presumably form part of the “ 6y-system.’^ 
Actually the structural position is more complicated than is indicated 
by this summary, because the fundamental ring system of chloro¬ 
phyll, the ])horbides, and chlorins differs slightly from that of the 
derived porphyrins. 

The next stage in the elucidation of the structure was the 
establishing by less drastic reagents of the connection between 
chlorophyll and the porphyrins. A suitable reagent was found 
by Fischer in a mixture of hydriodic and acetic acids. At about 
60 ° this reduced phseophorbide a to a leuco-compound, aerial 
oxidation of which gave a series of phseoporphyrins, which con¬ 
tained the same number of carbon atoms as the initial material 
( 34 , neglecting the ester group). The exact products formed 
varied with the conditions of reaction. Similar treatment of 
chlorin e or its tri methyl ester gave another series of C33 and C34 
porphyrins, the chloroporphyrins. The most important compounds 
of these two series are shown below; the formulae are stripped of 
ester groups to facilitate comparison. 

From phaeophorbide a, {C34H34O5N4) : 

Oxyphaeoporphyrin ^5,®^ C534H34O6N4 \ Isolated as monomethyl 

Phaioporphyrin a^, C34H34O5N4 ) esters. 

H. Fischer and K. Btiumler, Annalen, 1929, 474, 1930, 480, 197; 

A,^ 1929, 1185; 1930, 932; H. Fischer and O. Moldenhauer, ibid., 1930, 
478, 54; H. Fischer, A. Merka, and E. Plotz, ibid., p. 284; A., 1930, 482, 
620; K. Noack and W, Kiessling, Z. physiol. Chern., 1929, 182, 36; A., 1929, 
727. 

A useful summary of their formation and properties is given by Fischer 
in Oppenheimer’s “ Handbuch der Biochemie,” Erganzungswerk I, 1933, 
266—267, 

** Originally called neophoeoporphyrin a#. The corresponding ethoxy- 
phseoporphyrin was originally called phseoporphyrin a^. 
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From chlorin e, (C 34 H 3 (jO(jN 4 ): 

(^hloroporphyrin Cg, C 34 H 36 O 6 N 4 

Chloroporphyrin C 5 , C 33 H 34 O 5 N, 
Chloroporphyrin ^^33^36^4^4 


/ Isolated as monomethyl 
I ester. 


1 


/ 


Isolated as free acids. 


[The suffixes a and e denote the derivation from plijeophorbide a 
and chlorin e respectively. The numbers which follow denote the 
number of atoms of oxygen in the molecule.] 

These compounds crystallise well and yield polymethyl esters 
wlien treated with diazomethane. The two series differ in absorp¬ 
tion spectra. It should be noted that the stable methyl ester group 
of chlorophyll a persists in three of the compounds named in the list. 
The most important from the structural point of view is phseopor- 
phyrin which is isomeric with phacophorbide a and, like it, is a 
monomethy] ester, but differs from it in absorption spectrum and 
other properties.®^ It yields a monoxime. It was also formed from 
phseophorbides by catalytic hydrogenation over platinum, followed 
by aerial oxidation of the leuco-compounds formed.®® J. B. Conant 
and J. F. Hyde also showed that the near derivatives of chlorophyll 
could be converted into porphyrins in this way.®^ 

Phaeoporph 3 Tin readily loses its carbomethoxy-groiip and 
yields phylloerythrin, O 33 H 34 O 3 N 4 , a substance of great importance, 
first discovered by L. Marchlewski.®® This may be obtained direct 
from chlorophyllide and the phseophorbides by the prolonged 
action of boiling 20 % hydrochloric acid and also by the biological 
degradation of chlorophyll. It has been found in ox-bile, the 
faeces of ruminants, elephants and other herbivora, and in cattle 
gall-stones.®® The best source is sheep dung. It is extremely 
stable and its chemical })roperties and absorption spectrum show it to 
be a porphyrin. The formation of a porphyrin by a simple bio¬ 
logical process shows independently that chlorophyll contains a 
basic structure very like that of the porphyrins.®® 

The actual process in the digestive tract is one of isomerisation 


H. Fischor and O. Sus, Annalen, 1930, 482, 225; A., 1931, 102. 

H. Fischer and H. Helberger, ibid,, 1930, 480, 260; .4., 1930, 932; 
H. Fisher and E. Lakatos, ibid., 1933, 606, 123; .4., 1933, 1308; compare 
E. M. Dietz and T. H. Werner, J, Amer, Chem, Sac., 1934, 66, 2180; A., 1934, 
1371. 

87 Ibid., 1930, 52, 1233; A., 1930, 799. 

88 Z. physiol. Chem., 1929, 185, 8; A., 1929, 1468. 

*• H. Fischer and R. Hess, ibid., 1930, 187, 133; A., 1930, 634. 

88 Early evidence of the close connection between the green derivatives 
of chlorophyll and the porphjrrins comes also from J. B. Conant and J. F. 
Hyde’s demonstration that porphyrins were produced by the pyrolysis of 
chlorin e (J. Amer. Chem. Soc., 1929, 61, 3668; A., 1930, 226). 
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and decarboxylation, and appears to be confined to the higher 
animals. A number of other degradation products of chlorophyll 
in vivo have been discovered, c.p., probophorbides (sheep dung) 
and phyllobombycin (faeces of silk-worms). These contain a 
modified porphyrin system. 

The structure of phylloerythrin has been established by Fischer 
both analytically®^*®^ and by synthesis. One of the oxygen atoms 
is ketonic; the oxime on reduction by the Ejshner-Wolff method 
gives deoxophylloerythrin (C33H3g02N4), in which the two remaining 
oxygens are present as carboxyl. Deoxophylloerythrin can be 
obtained directly from phaeophorbide a by treatment with hydrogen 
bromide in acetic acid at 180 °. It is not identical with any of the 
isomeric tetramethyltriethylporphinx^ropionic acids, which only 
differ from it in formula by two hydrogen atoms. Phylloerythrin 
on treatment with sodium ethoxide in presence of air yields phyllo-, 
pyrro-, and rhodo-porphyrins. 

Fischer’s interpretation of these facts, whic^h is generally 
accepted, is that in both phylloerythrin (XXVII) and its deoxo- 
compound (XXVII, CH2 for CO), the Cg and 0 ^ carbon atoms 
form j)art of a fivc-meraberod carbon ring. 


Et Me 

c 

Mo! 


p |io _sj 

CHgCO 


Imo 


(XXVII.) 


The preseuce of this was shown by the synthesis of deoxox)hyllo- 
erythrin.®^ The relationship between the two substances was 
confirmed by the oxidation of deoxophylloerythrin to phylloerythrin 
by oleum containing sulphur.®^ The yield was poor and some 
chloroporphyrin Cg was formed by further oxidation. The position 
of the carbonyl group at C9 in phylloerythrin follows from its fission 
by alkali into phylloporphyrin and rhodoporphyrin, which recalls 
that of deoxybenzoin into benzoic acid and toluene : R*CH2*COR' 
—^ R-CHg + HO-OC-R'. 


H. Fischer, O. Moldenhauor, and O. SUs, Amialen, 1931, 485, 1; A.^ 
1931, 496. 

Idem, ibid., 1931, 486, 107; A., 1931, 744. 

H. Fischer and J. Riedmair, ibid., 1931, 490, 91; 1932, 497, 181 ; A., 

1931, 1431; 1932, 1045. 

H. Fischer, J, Heokmaier, and J. Riedmair, ibid., 1932, 494, 86; A., 

1932, 625. 
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The structure of deoxophylloerythrin has been confirmed by its 
synthesis from phylloporphyrin.®^ The latter was converted into 
its hajmin (ferric compound), and a CHg'OMe group introduced on 
Cg by moans of chloromethyl ether and stannic chloride. The 
product was freed from iron and purified by successive treatment 
with hydrogen bromide and alkali. The oxymethyl porphyrin was 
finally converted into deoxophylloerythrin by fusion with succinic 
acid, which ehminated methyl alcohol and formed the 9 :10-bond. 

Phaeoporphyrin (XXVIII) was recognised by Fischer as the 
P-ketonic ester corresponding to phylloerythrin,®^ a view accepted 
by Conant and StoU. When hydrolysed with acid or cold alcoholic 
potash, it underwent ring fission of the usual cycZopentanonecarb- 
oxylate type and yielded chloroporphjTrin Cg, the methyl hydrogen 
ester of the corresponding open-chain (adipic) acid (XXIX) : 



COaMe 

(XXVIII.) 




CO2H 

CO^Me 

(XXIX). 


^1 

HOC 


I 


/\ 


CH, CO.,H 


(XXX. 


O2H 




Y 



CH 

Phylloporphyrin 


OH-CH CO 


YY 

HOaC COall 


(XXXII.) (XXXIIa.) (XXXI.) 

[These partial formulae show the portion of the molecule below the dotted 
lino in (XXVII), the rest of the molecule being the same.] 


The methyl hydrogen ester (XXIX) can be cyclised back to 
(XXVIII) by rather unusual reagents: pyridine and sodium 
carbonate, or a mixture of hydriodic and acetic acids. Formic acid 
removes the carbomethoxy-group from chloroporphyrin Cg to give 
chloroporphyrin C4 (XXX), which can be further decarboxylated 
to phyUoporphyrin. Chloroporphyrin C4 is therefore y-methyl- 
rhodoporph3Tin (or phylloporphyrin-6-carboxylic acid) and chloro¬ 
porphyrin Cg is the ester of rhodoporphyrin-y-acetic acid. The 
presence of the 6-carboxyl makes the methyl group of y-methyl- 
rhodoporphyrin very easily oxidisable (contrast phyUoporphyrin); 
according to the conditions it yields chloroporphjndn (y-formyl- 

H. Fischer, M. Speitmann, and H. Meth, Annaleti, 1934, 608, 164; A., 
1934, 308. 
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rhodoporphyrin, XXXTI; which appears to exist normally in the 
cyclic form XXXIIa) or rhodoporphyrin-y-carboxylic acid (XXXI). 
The latter is also formed by the action of oxygen and alkali on 
phylloerythrill. A number of other transformations of these 
porphyrins have been studied by Fischer.®^' 

Fischer’s view that phaiophorbide a and phseoporphyrin 
(monoester) on the one hand, and chlorin e and chloroporphyrin 
on the other, are pairs of isomerides has not been accepted by 
J. B. Conant, who regards the chlorophyll derivatives as being 
richer in hydrogen than the porphyrins. This point cannot be 
settled by analysis, but calorimetric determinations by A. Stem 
and G. Klebs support the idea of isomerism. In any case, it is 


prx Ft li^2 

NA,Et 


Et 


Me; 


OH 


Me 


AN N 
CH 

\ NH HN 

II- 1 r 

Me' 


CH 

A 




CH, 


^2 Jio _91 

I 9 H CO 

9H2 COgMe 

COaPhytyl 

(XXXIII.) 

H. Fischer.*’ 

Et CH Me 

IT¬ 
CH ^Mg/ 

(XXXV.) \ ^ 

I I. .4 

Ch-OH 


''''■^/'^Et 

A'-'N N A 

CH Mg 9 CH 
\ _N N ■ A 

Mell ' 1 jMe 


CH, 


:!0 


H-OH 
9H2 COgMe 
COaPhytyl 
(XXXIV.) 

J. B. Conant.®* 


i.Et 


3 H 


A 


Hj COgMe 
CO^Phytyl 
A. Stoll.** 




Annalen, 1933, 506, 295; A., 1933, 1173. 

Ibid., 1933, 602, 176; A., 1933, 617. Revised from several earlier formulae. 
J. B. Conant and E. M. Dietz, J, Amer. Chem. Soc., 1933, 55, 839; A., 
1933, 403. Revised from a previous formula {ibid., 1931, 53, 2382; A., 1931, 
1075). The y-side chain was believed to be of the tjrpe >CICH*COaMe ^ 
>CH*CH(OH)-COaMe. 

•• A. Stoll and E. Wiedemann, Naturwiss., 1932, 20, 706. Experimental 
results appeared later {Helv. Chim. Acta, 1933, 16, 183; A., 1933, 287, etc.). 
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now clear that chlorophyll and its near derivatives contain a ring 
system similar to but not identical with that of the porphyrins. 
This is referred to as the ^5oporph3U’in (^5opo^phin) system. 

In 1932 — 1933 , the tliroe formulae for chlorophyll on p. 379 were 
proposed and it is convenient to consider further investigations in 
relation to them. 

These formulae have certain common features, based mainly on 
Fischer’s S3mthetic work, namely, a modified porphin ring, virtually 
the same arrangement of alkyl substituents in the p-positions of 
the pyrrole rings, and carbon substituents on Cjj and Cy. The 
phytyl group is placed on the propionic acid side chain at C7, and the 
methyl group on the carboxyl, as first proved by Conant.^ 
Fischer proposed the reverse arrangement,^2 later corrected it.^ 
The evidence on this point is briefly as follows : (i) Plia^ophorbide a 
contains the original carbomethoxy-group of chlorophyll intact 
and has one free carboxy-group which originally carried the phytyl. 
On pyrolysis it yields pyrophseophorbide a (the phorbide corre¬ 
sponding to phylloerythrin) with loss of the carbomethoxy-group, 
but the free carboxyl remains intact. Only a p-propionic acid 
group could survive pyrolysis in this manner, (ii) Ethyl chloro- 
phyllide also contains the original carbomethoxy-group and has 
ethyl in place of phytyl. Hydriodic acid converts it into the ethyl 
ester of phseoporphyrin which on pyrolysis yields phylloerytlirin 
ethyl ester. Hence the ethyl group in ethyl chlorophyUide and 
the phytyl group in chlorophyll are carried by the propionic acid 
side chain. 

Stoll accepted Fischer’s carbocyclic ring, but Conant did not 
consider that the presence of this in chlorophyll a or the phseophor- 
bides was proved by their transformation into phseoporphyrin 
and phylloerythrin. Ho suggested that the ring might be formed 
during the reaction just as it is in the formation of phylloerythrin 
from the chloroporphyrins. 

All three formulae differ as to the state of reduction of the mole¬ 
cule and the mode of combination of the fifth oxygen atom. 
Fischer placed this in a carbonyl group at C9, Stoll in a secondary 
alcohol group, and Conant in a lactam ring. Early attempts to 
prepare ketonic derivatives from chlorophyll a and the phorbides 
of the a series had failed, though H. Fischer and J. Riedmair had 
obtained indirect evidence for the keto-group in the formation of 
tri-acid derivatives with diazomethane in an atmosphere of nitrogen ® 

^ J. B. Conant and J. F. Hyde, J. Am&r, Chem, Soc., 1929, 61, 3668; A., 
1930, 226; J. B. Conant, E. M. Dietz, C. F. Bailey, and S. E. Kamerling, 
ibid., 1931, 68, 2382; A., 1931, 1076. 

• H. Fischer, O. Stis, and G. Klebs, Antialm, 1931, 490, 38; A., 1931, 1431. 

» Ibid., 1933, 506, 107; A., 1933, 1308. 
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(which would prevent the oxidation of a secondary alcohol of the 
type suggested by Stoll). Apparent support for the alcohol formula 
came from A. Stoll and E. Wiedemann’s preparation of a benzoyl 
derivative from phseophorbide a and methyl phaeophorbide a.^ 
The presence of a keto-group was proved independently and 
conclusively by Fischer ^ and Stoll,® who prepared a phase-positive 
oxime from methyl phseophorbide a. This could be converted into 
the oxime of phseophorbide, phseophorbide itself, or the oxime of 
phaeoporph3nrin according to the conditions. This result led 
Stoll to abandon the alcohol grouping on Cg in favour of carbonyl, 
but he retained the dihydroporphin arrangement of the nucleus. 
The benzoylation was interpreted as a reaction of the enolic form 
of the phorbides. The presence of a keto-group in phseophorbide a 
is incompatible with Conant’s lactam formula, which is also open 
to objection on stereochemical grounds. 

Fischer’s 1933 formula (XXXIII) contained two free imino- 
groups and three of the methyl groups converted into methylenes 
(arbitrarily the ones on C^, C3, and C5). Experimental support for 
the free irnino-groiips seemed to be provided by Zerewitinoff 
determinations of active hydrogen, but the method is of doubtful 
value in tliis scries and in view of subsequent developments the 
results probably are not significant. Strong evidence has recently 
been found by Fischer for the presence of unsaturated side chains 
in chlorophyll and the i 9 oporj)hin derivatives generally, by the 

oxo-reaction ” and the addition of diazoacetic ester. 

H. Fischer and J. Kiedmair ® found that when phieophorbide 
or methyl pha 3 ophorbido was treated with cold hydriodic and 
acetic acids, best in a steam of oxygen, a crystalline porphyrin, 
oxophaooporphyrin containing 6 atoms of oxygen, was formed. 
In nitrogen the reaction gave the usual phseoporphyrin The 
oxo-porphyrin yielded a dioxime and hence contained a second 
carbonyl group : the reaction was therefore an oxidation in addition 
to the usual ^^oporphin —>- porphin change. The oxo-reaction was 
also given by chlorin e, chlorin C4 (formed by decarboxylation 
of chlorin e in pyridine), and pyrophaeophorbide, but not by the 
derived porphyrins. It was first thought that these 0x0-compounds 
contained an aldehydo-group in place of an unsaturated side 

4 Helv. Chim. Acta, 1933, 16, 739; A., 1933, 838. 

® H. Fischer, J. Riedmair, and J, Hasenkamp, Annalen, 1934, 508, 224; 
A., 1934, 420. 

« A. Stoll and E. Wiedemann, Ilelv, Chim. Acta, 1934, 17, 163; A., 1934, 
308, There was a polemic as to priority : both the papers cited ® are dated 
December, 1933. 

' H. Fischer and P. Rothemimd, Ber., 1931, 64, [R], 201; A., 1931, 497. 

» Annalen, 1933, 605, 87; A., 1933, 969. 
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chain,® but a comparison with synthetic formylporphyrins showed 
this to be incorrect. Fischer accordingly abandoned the hypothesis 
that chlorophyll a and its near derivatives contained methylene 
groups (XXXIII) and considered that the oxoporphyrins were 
monoacetyl compounds in which the acetyl group was derived 
from a single ethylidene group on C2 or €4.^ The position of this 
substituent was found as follows : Under the conditions of the 
oxo-reaction, pyrophseophorbide a yielded oxophylloerythrin. When 
this was heated with hydrochloric acid in a sealed tube, the carbonyl- 
containing side chain was eliminated and two new porphyrins were 
formed. These resembled pyrroporphyrin and phylloerythrin 
respectively but were not identical with them. The first contained 
two free pyrrole methene groups and was considered to be a de- 
ethylpyrroporphyrin (such as XXXVI); the second, with one 
free methene group, was a de-ethylphylloerythrin (such as 
XXXVII) which could be reduced to tlie corresponding deoxo- 
compound, with CHg for CO. 



p H 

(XXXVI.) 



(XXXVII.) 


The structure of these was proved by their synthesis by Fischer’s 
general methods. 1 : 3 : 5 : 8 -Tetramethyl- 4 -ethylporphin- 7 -prop- 
ionic acid (XXXVI) gave an ester identical with that of the de-ethyl- 
pyrroporphyrin from oxophylloerythrin.^® Both the possible 
de-ethyldeoxophylloerythrins were synthesised by H. Fischer and 
W. Rose; the 2 -de.ethyl compound (XXXVII; CHg for CO) 
was identical with that prepared from natural sources.^^ It follows 
that the oxo-group in the oxoporphyrins, and hence the unsaturated 
side chain in the phorbides, is in the 2 -position. The nature of the 
oxo-group was proved as follows. The ester of 2 -de-ethylpyrro- 
porphyrin (XXXVI) was converted into the haemin (ferric) com¬ 
pound and acetylated to a diacetyl derivative (CHa'CO for H at 
Cg and C0). The same compound was formed by the acetylation 


® H. Fischer and J. Hasenkamp, Annalen^ 1934, 513, 107; A.^ 1934, 1370. 
10 H. Fischer and S. Bockh, ibid., 1936, 516, 177; A,, 633. 

J6td., 1936, 519, 1; A,, 1134. 

The nomenclature is rather confusing: “ Dooxo ” here implies the 
reduction of the keto-group at “ 0 x 0 ’* in oxophylloerythriUt that an acetyl 
group is present instead of ethyl at C,. 
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(at Cg) of oxopyrroporphyrin.^^ Hence the substituent already 
present at Cg is acetyl. 

The formula of the oxoporphyrins is typified by (XXXVIII) : 



(XXXVIll.) 



(XXXIX.) 


(XL.) 


R = COgMe, Oxophaeoporphyrin 
R == H, Oxophylloerythrill. 


The unsaturated side chain which gave rise to the acetyl group 
might be ethyUdene or vinyl. This was settled by H. Fischer and 
H. Medick by use of the diazoacetic ester reaction.Protopor¬ 
phyrin, the metal-free porphyrin corresponding to haemin, is known 
to contain two vinyl groups. It reacted with diazoacetic ester at 
100 ° with elimination of nitrogen to yield the corresponding dicycZo- 
propane compound (XXXIX).The absorption bands were 
shifted towards the blue region and the product no longer reacted 
with hydrobromic acid. Oxidation of (XXXIX) with chromic and 
sulphuric acids gave a mixture of haematic acid and the cyclopropane 
maleinimide (XL). 

Methyl phaeophorbide a also reacted with diazoacetic ester. 
The absorption bands were shifted slightly towards the blue region, 
but without alteration of the characteristic phorbide type. The 
product on isomerisation with hydriodic and acetic acids gave 
the corresponding porphyrin, the analysis of which agreed with the 
addition of a >CH'C02Me group. Pyrophasophorbide gave a 
similar compound, which could also be obtained by the pyrolysis 
of the methylphasophorbide product. Catalytic reduction and 
reoxidation of this yielded the porphyrin addition compound 
corresponding to phylloerythrin. Vigorous oxidation of this gave 
methylethylmaleinimide and the cycZopropane compound (XL) 
identical with that obtained from the addition compound of proto¬ 
porphyrin. The same substance was obtained in bad yield by 
the direct oxidation of the diazoacetic ester adduct of pyrophaso 
phorbide. Chlorin e trimethyl ester also added diazoacetic ester 

H. Fischer and J. Hasenkamp, ^nnaZen, 1935, 619, 42; A., 1134. 

Ibid., 1936, 617, 246; A., 871. 
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The significance of these results is increased by the fact that 
porphyrins with saturated side chains such as the hsemato- and 
meso-porphyrin of the hiemin series, and the phfeoporphyrin 
and phylloerythrin of the chlorophyll series, do not react with 
diazoacetic ester. 

The important fact therefore emerges that the nearest derivatives of 
chlorophyll contain the vinyl group in the same position as one of the 
vinyl groups of hcemin and the leaf and blood pigments therefore 
come into even closer relationship. 

The recognition of the unsaturated side chain as a vinyl group 
has the advantage that its conversion into the acety] group by 
the “ oxo-reactioncan be interpreted simply as follows: 

^CHICHs ^CHI-CHg ^ ^CH(0H)-CH3. ^OO-CHg 

The mechanism which had previously been advanced to explain the 
formation of a carbonyl-containing side chain from an ethylidene 
or methylene grou^) had been comparatively complicated. 

A difficulty which remained was that, though the vinyl groups 
in haemin add the elements of hydrogen bromide or water readily, 
this had not been observed in the chlorophyll series. H. Fischer 
and J. Hasenkamp ^ have, however, found that the vinyl groups 
of phseophorbide a add hydrogen bromide under the conditions 
which convert hajmin into hsematoporphyrin. The hydrogen 
bromide adduct is unstable, but its methanolysis products have 
been isolated. 

The assignment of one double bond in the side chains in place 
of the three of the earlier Fischer formula (XXXIII) was in harmony 
with the formation and properties of dihydrophaeophorbide. This 
had been prepared by the hydrogenation of phseophorbide a in 
formic acid with one mole of hydrogen over Adams’s catalyst.^® 
It is phase-positive and yields an oxime; hence the carbonyl group 
has not been reduced. Preliminary experiments indicated that this 
and other dihydro-compounds gave a poor yield of “ oxo-com- 
poimds.” Ke-exammation of dihydrophfleophorbide, carefully puri¬ 
fied by the chromatographic method, showed that only phaso- 
porphyrin Ug and no oxoporphyrin was formed under the conditions 
of the oxo-reaction.^® Hence the dihydro-compound carries an 
ethyl group in place of vinyl at Cg. It seems probable that the 
early discovery by J. B. Conant and J. F. Hyde that phaeophor- 
bide a and chlorin e, but not porphyrins, could be reduced in aqueous 
solution by hydrogen over palladised asbestos, can also be explained 
as a reduction of the vinyl group. 

H. Fischer and E. Lakatos, AnnaUn, 1933, 606, 123; A,, 1933, 1308. 

« J. Amer. Chem. Soc,, 1930, 62, 233; A,, 1930, 799. 
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These results led Fischer to propose formulsc for chlorophyll a 
based on the following for phacophorbide a. 




9H CO 

COaMe 


More recent modifications of these are dealt with later. 

Allomerisation and the Phase Test .—When an alcoJiolic solution 
of chlorophyll is evaporated to dryness or allowed to stand, it is 
allomerised and loses its power of crystallisation.^’^ This process 
was recognised as an oxidation b}^ J. B. Conant,^® who is responsible 
for much of our knowledge in this field. Ho showed that the 
oxidising agent was aerial oxygen and that two equivalents of 0 
were utilised.^® This was confirmed by H. Fischer,who found 
that benzoquinone could bring about a similar change. Another 
dehydrogenating agent is potassium molybdicyanide.^^ 

The ‘‘phase test” is the green—brown—green colour 
change brought about in chlorophyll derivatives by the addition 
of methyl-alcoholic potash (p. 367 ). This also was shown to involve 
an oxidation by two equivalents of aerial oxygen.As has been 
stated, rapid saponification of phseophorbide a with boiling methyl- 
alcoholic potash yields chlorin e without oxidation, because the 
alcohol vapour protects the phorbide from the air. In phase-test 
saponification, the hydrolysis is slower and oxidation can proceed. 
Similar results were obtained by H. Fischer, 0 . Sus, and G. Klebs,*'^® 
who found that the first colour change (green to brovm) does not 
involve oxidation, which only occurs during the change back to 
green. Some chlorin e is normally formed during phase-test 


R. Willstatter and M. Utzinger, AnnaUn, 1911, 382, 129; A.^ 1911, i, 

659, 

J. B. Conant, J. F. Hyde, W. W. Moyer, and E. M. Dietz, J. Amer. 
Ghem. Soc., 1931, 58, 359; A,, 1931, 368. 

J. B. Conant, S. E. Kamerling, and C. C. Steelo, ibid., p. 1615; A., 
1931, 745. 

2® Anmilen, 1931, 490, 84; A., 1931, 1431. 

J. B. Conant, E. M. Dietz, C. F. Bailey, and S. E. Kamerling, J. Amer. 
Ghem. Soc., 1931, 53, 2382; A., 1931, 1075. 

22 C. C. Steele, ibid,., p. 3171; A., 1931, 1169. Compare ref. 19. 

BEP.—^voL. xxxn. 
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saponification, but it was found by J. B. Conant and W. W. Moyer 
that this could be entirely prevented if ethyl or, better, n-propyl 
alcohol was used in place of methyl alcohol as a solvent. This 
is due to the ready absorption of oxygen by the solutions of alkali 
in the higher alcohols. Allomerised chlorophyll does not show a 
brown phase, but gives a green solution at once under phase-test 
conditions. These results show the correctness of Willstatter’s 
view that the changes brought about by the phase test and allomer- 
isation are essentially the same. 

Wnistiitter had shown that the principal product of phase-test 
saponification of phaeophytin was an unstable chlorin, phytochlorin 
g, Conant and Moyer ^3 found that the same mixture of unstable 
chlorins was formed by treatment of the phorbides and of chlorin e 
tri-ester under the conditions of the phase test. On standing in 
ether, these changed into two purphsh-brown crystalline solids 
called phseopurpurin 7 and 18 .^^ Phseopurpurin 7 was a mono¬ 
methyl ester and yielded with diazomethane a trimethyl ester 
which was also formed directly from the unstable chlorins by the 
same reagent. When hydrolysed with hot methyl-alcoholic alkali, 
it lost the group —C0*C02Me', yielding chlorin / and potassium 
oxalate. This indicated that it contained an a-ketonic acid group. 
Chlorin is a, dibasic acid which on treatment with hydrogen 
iodide and reoxidation yielded rhodoporphyrin, which was also 
formed directly from pha 30 purpurin 7 and alcoholic potash at 
150°.23 Pyrolysis of chlorin / yielded pyrroporphyrin (see scheme 
below). 

Phaeopurpurin 18 , which contains one free and two masked 
carboxyl groups, is formed from the unstable chlorins by fission 
of carbon dioxide on standing in ether.^® Its hydrolysis 3delded a 
chlorin (tri-acid) apparently identical with Willstatter's chlorin a and 
called chlorin p 6 by Fischer. This regenerated phseopurpurin 18 on 
standing or by the action of heat. IVhen heated alone or in solvents, 
phseopurpurin 18 yielded the curious green anhydride of rhodo- 
porphyrin-y-carboxylic acid,^"^ and with alcoholic potash at 150 ® 

J, Amer. Chem. Soc., 1930, 62, 3013; A., 1930, 1299. 

** These suffixes correspond with the acid numbers of the compounds, 
(See p. 366.) 

Probably identical with Willstatter’s phytochlorin / (“ Chlorophyll,*’ 
p. 303), and named rhodochlorin by Fischer. 

E. M. Dietz and W. F. Ross, J. Amer. Chem. Soc.^ 1934, 66, 169; A,^ 
1934, 308. These authors point out that chlorin a and phseopurpurin 18 
had been described by H. Malarski and L. Marchlewski in 1912 {Biochem. Z,, 
42, 219; ^., 1912, i, 641) under the names j8-phyllotaonin and anhydro-/S- 
phyllotaonin respectively. 

H. Fischer, W. Gottschaldt, and G. Klebs, Annalen, 1932, 498, 194; 
A., 1932, 1263. 
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rhodoporphyrin itself,^ From these results, Conant concluded 
that both allomerisation and the phase test involve a change from 
the potential phylloporphyrin to the potential rhodoporphyrin 
structure.^® 

Fischer and Conant are in substantial agreement on the structures 
of the products of these reactions, though they differ as to the 
nature of the isoporphin-porphin change and the mechanism of 
allomerisation. It will be convenient to neglect the first difference 
for the moment and to write P for the main porphin unit of the 
chlorophyll porph3rrins and iso-P for the corresponding unit of the 
phorbides, chlorins, and purpurins. [On this basis chlorin e 

/CO,H (6) 

.-pfcHg-cr 

\CH 2 *CH 2 *C 02 H ( 7 ) 

/CO 2 H (6) 
porphyrin is P^ H (y) 

\CH 2 *CH 2 -C 02 H ( 7 ).] 


(according to Fischer) is 'Wo-P^CHg'COgH (y) and rhodo- 


Dimethylphseopurpurin 7 is recognised as the tri-ester of the 
y-glyoxylic acid corresponding to chlorin e, and its transformations 
are illustrated below : 



The reactions of pheeopurpurin 18 , which contains one carbon 
atom less than phseopurpurin 7 , are interpreted on p. 388.^®'27 
The purpurins and the chlorins derived from them are here repre¬ 
sented as containing the t^oporphin structure, and hence, according 
to Fischer, a vinyl group on Cg. This is not fully proved, but is 
supported by a recent statement ^ that phseopurpurin 7, rhodo- 
chlorin, and chlorin p 6 all react with diazoacetic ester. 

Based on the scheme given in ref. 18. 

*• H. Fischer and A. Stern, Annalen, 1935, 520 , 88; A,, 1383. 
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The study of phaeopurpurin 7 has opened up a new field for 
investigation. When the unstable chlorins prepared by the phase 
test or allomerisation are allowed to stand, phaeopurpurin 7 is 
obtained as a monomethyl ester. The methyl group corresponds 
to that in pha^ophorbide a and chlorophyll a. When the compound 
is pyrolysod in boiling diphenyl, it yields, not chlorin /, but its 
monomethyl ester, i.e., the methyl group is not lost with the 
10-carboxyl. This suggests that phaopurpurin 7 contains a 
carbomethoxy- (or similar) group at C^; the suggestion, however, 
conflicts with the weight of evidence which places this group in 
other chlorophyll derivatives at Cjq. Conant and Dietz ^ find 
that phaeopurpurin 7 originates from an isomeric impurity in 
phaeophorbide. The purest phaeophorbides by the same treatment 
yield no phaeopurpurin 7, but a monomethyl compound in which the 
carbomethoxy-group is at as in the usual formulae. These 
experiments suggest that the isomeric impurity with the abnormal 
position of the carbomethoxy-group corresponds to a second form 
of chlorophyll a. If this can bo substantiated, it opens up interesting 
possibilities. 


Unstable clilorins (y) 

\CH2*CH2-C02H (7) 



anhydride. 


Fischer and his collaborators have made a thorough study of 
the allomerisation of chlorophyll derivatives by benzoquinone 
and by iodine, the general conclusion being that oxidation occurs 
at CiQ. The following results are some of the most significant. 
If ethyl chlorophyllide is allomerised with benzoquinone in ethyl 
alcohol, and the product treated with hydrochloric acid in ether, 
crystalline ethyl lO-ethoxypheeophorbide is obtained.®^ This 
yields a dihydro-compound (presumably with reduction of the 


Nature, 1933, 131, 131; J. Amer. Chem, Soc,, 1933, 65, 839; A., 1933, 
287, 403. 

H. Fischer and J. Riedmair, Annalen, 1933, 606 , 107; A., 1933, 1308; 
cf. H. Fischer, L. Filser, and E. PlOtz, tftid., 1932, 496 , 1; A.. 1932, 766. 
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2-vinyl group) and, when it is fully reduced with hydrogen iodide 
or catalytically and reoxidised, gives ethoxyphaeoporphyrin 
(phaeoporphyrin ao). The structure of this was known from the 
work of H. Fischer and J. Heckmaier,^^ who had obtained it by the 
oxidation of phaeoporphyrin (dimethyl ester) with iodine in 
ethyl alcohol in the presence of sodium carbonate. On the basis 
of Fischer’s formulae, these results can be summarised by the 
scheme : 


/ 90 ( 6 ) 

iso-F^CH*CO, 


2 Me (y) 
^CHa-CHa-COaEt (7) 

Ethyl phaeophorbide a. 


allomcrisation 


(qaiuoue, EtO! 




4- 


ni rcductiorj, 
reoxidation 


CH-COgMe 
^CHa-CHg-COaH 
Phfeopoi'phyrin a 5 . 






tso-r\0(OEt)-CO2Me 

.nxr .nn 


CHa-CHa-COjEt 

lO-EthoxyphaJopborbide. 


HI reduction, 
reoxidation 




0 




^-C(OEt)*COaMe 
^CHa-CHa-COaH 
Ethoxyphaeoporphyrin 


Methyl phaeophorbide a can be oxidised similarly with iodine 
in the presence of sodium acetate to methyl 10-hydroxyphaeo- 
phorbide.^^ The acetyl compound of this contains the phorbide 
(isoporphin) ring structure intact and gives the “ 0 x 0 -reaction.” 
When the free 10-hydroxy-compound is hydrolysed with caustic 
soda, the isocyclic ring is broken and unstable chlorins are formed, 
which with diazornethane yield dimethylphaeopurpurin 7.^ 

Difi’erent mechanisms of allomerisation have been proposed by 
Fischer and by Conant. The former suggested that the first process 
was dehydrogenation with the formation of a double bond between 
Cy and C\o 5 this being followed by the addition of water or alcohol.®^ 
Conant’s view was that allomerisation consisted in the dehydro¬ 
genation of a secondary alcohol group at C^q. Further comment is 
unnecessary in view of the unsettled state of the subject. 

According to Fischer, the brown phase of chlorophyll derivatives, 
the formation of which does not involve oxidation, is connected 

10 _ 9 

with the formation of an enol at Cn: Kuhn 

® COgMe 


H. Fischer, E. Lakatos, and J. Schnell, Annalen, 1934, 609, 201 ; A., 1934, 

660. 

83 Ibid,, 1934, 608, 260; A,, 1934, 420. 

8 * H. Fischer, J. Heckmaier, and T. Scherer, ibid., 1934, 610, 169; A., 
1934, 786. 

88 This has been altered in a recent paper by H. Fischer and A. Stern 
{ibid,, 1936, 619, 63; A,, 1134) to explain measurements of optical activity, 
but it is doubtful if the alteration is necessary, 

88 H. Fischer and H. Siebel, ibid., 1932, 499, 84; A., 1932, 1263. 
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has suggested that an enoUsation of the 10-carbomethoxy-group 
occurs.®'^ The lengthening of the conjugated chain so obtained 
causes the red absorption band to move into the infra-red region, 
causing a lightening of the visible colour (green —>- yellow- 
brown). 

Fine Structure of Chlorophyll a.—Considerable light has been 
thrown on this difiicult subject by the application of three physical 
methods. It has long been known that porphyrins have multi- 
banded absorption spectra which may be used for their identification. 
J. B. Conant and S. E. Kamerling have now found that at the 
temperature of liqiiid air the porphyrins show a unique spectrum of 
narrow bands in the visible region. The green derivatives of 
chlorophyll (phorbides, chlorins) have wider bands in the absorption 
spectra and are intermediate between most organic colouring 
matters and the porphyrins. The relationship between the visible 
spectra of porphyrins and the phorbides (or chlorins) resembles 
that between the ultra-violet spectra of benzene and cycl^ohexadiene. 
This suggests strongly that chlorophyll derivatives contain the 
dihydroporpliin ring. 

Evidence pointing in the same direction has come from a study 
of the basicity of the four pyrrole-like rings in phorbides, chlorins, 
and porphyrins,^^ Willstatter’s method of acid fractionation was 
based on the variation in basicity of chlorophyll derivatives and he 
had obtained evidence of the greater basicity of two of the nitrogen 
atoms by the isolation of dihydrochlorides. Conant and his 
collaborators measured the basicity by potentiometric titrations 
with perchloric acid in glacial acetic acid, using a chloranil elec¬ 
trode.^ The derivatives of chlorophyll were compared with 
substituted pyrroles of known constitution. The i)orphyrin8 were 
found to contain two relatively strongly basic groups, presumably 
of the pyrrolonine type (XLII), and one very weakly basic group 
of the pjOTole (XLIII) or ^’sopyrrole (XLIV) type. The second 
weakly basic group could not be detected by the method. The 
phorbides contained one relatively strong and one very weak basic 
group and a group intermediate in strength. The chlorins resembled 
the phorbides except that the intermediate group was rather more 
basic. These facts are compatible with the green chlorophyll 

R. Kuhn, P. J. Druinm, M. Hoffer, and E. F. Holler, Rer., 1932, 66, 
[B], 1786; A., 1933, 62. 

J, Amer. Chem. Soc., 1931, 68, 3622; A., 1931, 1310. 

J. B. Conant, B. F. Chow, and E. M. Dietz, ibid., 1934, 66, 2185; A., 
1934, 1371. 

<0 Cf. J. B. Conant and T. H. Werner, ibid., 1930, 62, 449; A., 1931, 40; 
J. B. Conant and B. F. Chow, ibid., 1933, 66, 3746; A., 1933, 1121. 
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derivatives containing one pyrrolenine ring, two pyrrole or iso^ 
pyrrole rings, and a diliydrop 5 aTole nucleus of type (XLV). 


N 

NH 

NH 

NH 

1_1 

(XLIII.) 

L. 1 


(XLII.) 

(XLIV.) 

(XLV.) 


It had long been thought that chlorophyll and its derivatives 
were optically inactive; the leuco-compounds showed no activity 
and the intense colour had prevented an examination of the pig¬ 
ments themselves. In 1933, A. Stoll and E. Wiedemann over¬ 
came the experimental difficulties and showed that chlorophyll a 
and b were both laovorotatory with [a]?.^o —. about ■— 265°. The 
activity might have come from the phytyl group, as phytyl alcohol 
is optically active before distillation,'^^ but this was shown to be 
incorrect, since the phytyl- and magnesium-free phorbides of the 
a and h series also were activeStoll and Wiedemann state that 
chlorophylls, methyl phaeophorbides, and phaeophorbides {a and h) 
all racemise in acetone or methyl-alcoholic solution and that old 
samples of crystalline methyl phaeophorbides are inactive. H. 
Fischer and A. Stern, using white light, have confirmed the optical 
activity but not the ease of racemisation. They state that both 
solutions and solids are optically stable.^^*^^ The following sub¬ 
stances, inter alia, were found to be active : pyrophseophorbide a, 
chlorophyHides, 10-ethoxyphaeophorbide, rhodochlorin, chlorin p 6 
(tri-ester), and dirnethylphaeopurpurin 7, all being Isevorotatory 
except the last two. The activity survived allomerisation, the 
phase test, and conversion of the active compounds into their 
raetalhc derivatives. On the other hand, aU the porphyrins 
derived from these substances and those from haemin (and also 
blood haemin itself) are optically inactive. The only known active 
porphyrin is uroporphyrin from mussel-shells, and in this the 
active centres are very probably dift'erent from those of the chloro¬ 
phyll derivatives, being located in succinic acid side chains. 

As far as the chlorophyll series is concerned, the activity is 
undoubtedly associated with the isoporphin structtire. The fact 
that phaeophorbide was not racemised on conversion into pyro- 
phaeophorbide showed that C^o was not the active centre (or not 

See, e.g,, H. Fischer and H. Siebel, Annalen, 1932, 490, 94; 1932, 

1263. 

« Helv, Chim. Acta, 1933, 16. 307; A., 1933, 616. 

** B. Willstatter and F. Hocheder, Annalen, 1907, 364, 248; B. Willst&tter, 
E. W. Mayer, and 1911,878, 84; ^., 1907, i, 784; 1911, i, 144. 

w Ibid,, 1936, 619, 68; A., 1134. 

« Ibid., 680, 88; A., 1383. 
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the only active centre). As this was the only asymmetric carbon 
atom in Fischer’s current formulae (XLIa and fc), these became 
invalid. Fischer and Stern first suggested that the y-carbon 
atom carried a hydrogen atom and was an active centre, but 
abandoned this idea in view of the activity of rhodochlorin (chlorin/), 
in which this carbon atom must be of the type —CH— or CH 2 —. 

They point out that asymmetric carbon atoms can only appear by 
the formation of a dihydroporphin system and that reduction 
must occur on one of the pyrrole rings and not at the methene 
bridges or by addition of hydrogen to two nitrogen atoms Of 
the various possibilities, Fischer now prefers formula (XLVI) for 
chlorophyll a. In this, ring III is tentatively selected as the reduced 
ring and hence carbon atoms 5 and 6 as the asymmetric centres. 
This formula (or some near modification) can explain all the more 
recent facts and is by far the most satisfactory of those in the field. 


oh:cHo 
I CH Me 


CH 

Mel 


N 

N 


N 

IST 


CIl 




.l/H 


CH 3 VH CO 

I COaMe 

COaPhytyl 


(XLVI.) 


It appears to the Koporter that a slight modification of (XLVI) in which 
tho two extra hydrogens are placed on a (C—N) bond of one of the pyrrole 
rings (probably ring III) would accommodate the physical results bettor. The 
partial formula is shown in (XLVIa), tlie rest of tho molecule being tho same 


Hlsr 



(XLVla.) 


CH—CO 

COaMo 


as in (XLVI). Formula (XLVIa) contains an interrupted conjugated chain, 
in place of the continuous conjugation of the porphyrins and (XLVI), to 
account for the considerable change in absorption spectrum; and also the 
dihydropyrrole ring, as suggested by Conant. Apart from it contains 
only one asymmetric carbon atom (starred). The substance (XLVI) can 
give rise to two inactive and resolvable (cwr- and trans-) forms according to 
the arrangement of the substituents at C# and C,. No such isomerides appear 
to be known. 
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The formulse of Conant and Stoll are not very different from the 
above with regard to the isoporphin system. If it be accepted that 
the true porph 3 iTins from chloroi)hyll contain an ethyl group at C 2 , 
and the ^.voporphyrins (phorbides and chlorins) a vinyl group, then 
we can reconcile the view that the porphyrins and u’oporphyrins are 
isomeric and at the same level of reduction (Fischer) with the 
view, advanced by Conant from the physical results and also held 
by Stoll, that the i9oporphyrins contain a dihydroporphin structure. 
In this connection it is of interest that Conant was able to dehydro¬ 
genate chlorin / to a porphyrin, «^9orhodoporphyrin (called ^-verdo- 
]jorphyriu by Fischer). 'J'his could be converted into rhodopor- 
phyrin by reduc.tion with hydrogen iodide and reoxidation, also by 
mineral acids under (pertain conditions, biitnotbymild treatment.'*^ '*® 
Khodoporphyrin is known to carry an ethyl group at and the 
latest work shows that chlorin / carries a vinyl group. On this 
basis 'isorhodoi)orphyrin also should have a vinyl groux^ at Cg and 
should contain two Jiydrogen atoms less than rliodoporphyrin.*^^ 
This is in keeping with the results of catalytic hydrogenation 
and with other experiments briefly mentioned in Fischer’s recent 
paper.^^ If this can be confirmed, one of the remaining difficulties 
of the subject will disappear and the changes can be represented 
as follows : 


1:3:5: 8- f-CHICHg (2) 
Tetramethyl-) -CO 2 H (6) 
4-ethy]di- 1 -H (y) 
hydroporj)hin [“"CHg 

CHg-COaH (7) 

Chlorin/(C32H34O4N4). 


1 : 3 : 5 : 8 
Tetramethyl-J 
4-ethyl 
porphin 


tlehydro- 
gfjiiition 
-> 



1:3: 5: 8- f-CH:CH2(2) 
Tetramethyl- -COoH (6) 
4-ethyl- I -H (y) 
porphin (-CH 2 

CHa-COjHCV) 

wKhodoporphyrin 

(^ 32 ^ 3204 ^ 4 ). 


f-CH 2 -CH 3 ( 2 ) 
-CO 2 H ( 6 ) 

-H (y) 

1.-CH2-CH2-C02H(7) 


Khodoporphyrin {C, 2 H 3404 N 4 ). 


J. B. Conant and C. F. Bailey, J. Amer. Chem. Soc,, 1933, 55, 795; A., 
1933, 403. 

E. M. Dietz and T. H. Werner, ibid., 1934, 66, 2180; A., 1934, 1371. 

H. Fischer and E. Lakatos, Annalen, 1933, 506, 123; A.y 1933, 1308. 

Comparison of the absorption spectra of those substances, according 
to A. Stem and H. Wenderlein, supports the idea that they are not isomeric 
(Z. physikal. Chem., 1934, 170, 337; A., 1935, 10). 

Dietz and Werner (ref. 48) summarise the position from the other point 
of view (namely, that the true and the iso-porphyrins are isomeric and that 
the nucleus of chlorophyll is a dihydroisoporphyrin), which does not take 
into account the uusaturated side chain at C,. 

n 2 
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On this basis the term woporphyrin ceases to have any special 
significance, beyond implying a 2-vinyldihydroporphyrin. 

Partial Synthesis of Chlorophyll a.—The synthesis of phyllo- 
erythrin by Fischer leaves only four main gaps in the complete 
S 5 aithesis of chlorophyll a. These are (i) the introduction of a 
carbomethoxy-group, (ii) the conversion of the porphin into the 
t^oporphin system, (iii) the introduction of the phytyl group, and 
(iv) of the magnesium atom. The last two stages have been 
achieved by Fischer. 

R. Willstatter and L. For86n introduced magnesium into 
phseophytin and other chlorophyll derivatives by the action of the 
Grignard reagent, a method also used by A. Stoll and E. Wiede¬ 
mann.^^ Fischer and his collaborators used the product 
(RO-MgBr) of the decomposition of the Grignard reagent with an 
alcohol, in order to avoid secondary reactions with carboxy- or 
carbomethoxy-groups,^'^ but his latest paper on the subject 
makes it doubtful if any of these j^rocesses are satisfactory for the 
preparation of phase-positive material. The method finally found 
satisfactory is the interaction of the phorbide with a compound of 
the RO’MgBr type in the presence of pyridine and an excess of 
magnesium.By this process pure phase-positive chlorophyllide a 
can be prepared from methyl phjeophorbide a more readily than by 
the chlorophyllase reaction. This confirms the relationship between 
the two substances. 

The esterification of the propionic acid group by phytyl alcohol 
was achieved by R. Willstatter and A. Stoll by a biological 
method. H. Fischer and W. Schmidt have successfully applied 
Einhorn’s method.^® A solution of pheeophorbide a in pyridine on 
treatment with phytyl alcohol and carbonyl chloride gave phaeo- 
phytin a indistinguishable from the natural product. When 
hydrolysed in the presence of chlorophyllase, it regenerated phaeo- 
phorbide a ; hence there was no replacement of methyl by phytyl 
at CiQ. Other esters of phaeophorbide were prepared by this process 
and the interesting observation was made that the enzymic action 
of chlorophyllase is relatively but not absolutely specific; e.gr., it 
catalysed the hydrolysis of geranyl and cetyl phaeophorbides, but 
not that of the methyl and the bornyl ester.®® 

M Annalen, 1913, 396, 180; A., 1913, i, 499. 

Naturwias,, 1932, 20, 630. 

H. Fischer and M. Dtirr, Annalen, 1933, 601, 107; A.^ 1933, 516; H. 
Fischer and J. Riedmair, ibid., 1933, 608, 118; A., 1933, 1308. 

H. Fischer and G. Spielberger, ibid,, 1934, 610, 166; A., 1934, 786. 

Ibid,, 1911, 880, 148; A„ 1911, i, 391. 

Jbid„ 1936, 619, 244; A., 1382. 

»• Ibid,, 1898, 801, 95; A^ 1898, i, 577. 



LmSTEAD : THE POBPHYBIN OBOXJP. 


396 


PhsBoporphyrin % has not yet been synthesised and it appears 
that the porphin —isoporphin conversion will be difficult. 
Synthesis from 2-de-ethylporphyrin8, followed by introduction of 
the vinyl group, may be necessary. 

Chlorophyll b.—^The study of this compound is not so well 
advanced as that of chlorophyll a, and only a brief summary of 
progress will be given here. As has already been stated, chloro¬ 
phylls a and b are very similar in general properties, and phyllides 
and phorbides of the b series can be prepared by the usual methods. 

The formula proposed by Willstatter for chlorophyll b 
(C 55 H 7 QOeN 4 Mg) is generally accepted. This contains one more 
atom of oxygen and two less of hydrogen than that of chlorophyll a. 
Drastic alkaline degradation of chlorophyll b gives pyrro-, rhodo-, 
and phyllo-porphyrins, but in worse yield than in the a series; 
hence the essential arrangement of the substituents is the same. 
Phseophorbide b on complete reduction with hydrogen iodide 
yielded hsemopyrrole and haDmopyrrolecarboxylic acid.®^ Will¬ 
statter showed that phaeophorbide b is converted by rapid hydrolysis 
with hot alkali into rhodin gr, which is a tribasic acid containing 
7 atoms of oxygen and corresponds to chlorin e of tlie a series. The 
extra oxygen atom of the b series was first proved by Con ant 
to be located in a carbonyl group by tlie preparation of a semi- 
oarbazone from phseophorbide b. This was shown independently 
by 0. Warburg, who converted phseophorbide b into phseoporphyrin 
b^ (corresponding to phsooporphin ^ 5 ) by hydrogen iodide, and 
prepared an oxime from this.®^ Fischer and his collaborators 
also have obtained a monoxime from rhodin g and one from 
phseophorbide 6,®® The porphyrins obtained by hydrogen iodide 
degradation of phaeophorbide 6 and rhodin g showed reactions 
parallel to those of the compounds of the a series; which indicated 
that a carbocyclic ring containing a (^-acidic keto-group was also 
present in phaeophorbide In 1934, A. Stoll and E. Wiede- 

Cf. H. Fischer and T. Scherer, Awno/ew, 19S5, 519, 236; A., 1382. 

Willstatter, “Chlorophyll,” p. 334; cf. A. Treibs and E. Wiedemann, 
Annalen, 1929, 471, 146; A., 1929, 941. 

fii H. Fischer, A. Merka, and K. Plotz, ibid., 1930, 478, 299; A., 1030, 620. 

J. B. Conant, E. M. Dietz, and T. H. Werner, J, Amer. Ghem. Soc., 
1931, 63, 4436; A., 1932, 174, 

Biochem. Z., 1931, 985, 1; 1932, 244, 9; A., 1931, 661. 

H. Fischer, F. Broich, S. Breitner, and L. Niissler, Annalen, 1932, 498, 
228; A., 1932, 1263. 

H. Fischer, S. Breitner, A. Hendschel, and L. Niissler, ibid., 1933, 503, 
1; A., 1933, 839; cf. A. Stoll and E. Wiedemann, JBTeZv. Ohim. Acta, 1932, 
16, 1182; A., 1932, 1266. 

H. Fischer, A. Hendschel, and L. Niissler, Annalen, 1933, 606, 83; A., 

1933, 1173; H. Fischer and S. Breitner, ibid,, 1934, 510, 183; 511, 183; A., 

1934, 785, 907. 
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mann prepared a dioxime of methyl phaeophorbido b and thus 
conclusively proved the presence of two carbonyl groups. 

The compounds of the h series therefore contain one carbonyl 
group in place of a methylene group of the a series. Conant first 
placed the additional carbonyl group as a ketonic bridge (at C^) 
and Fischer put it in the propionic acid side chain (at C7). Sub¬ 
sequently Fischer showed that it was present as a nuclear aldehydo- 
group on Rhodin g trimethyl ester was degraded to 3-de- 

methyldeoxophylloerythrill, the structure of which was proved by 
synthesis.®® These results are embodied in the formula (X-LVII) of 
H. Fischer and A. Stern,®® which accommodates the optical activity 
of chlorophyll 6 and phaiophorbide b discovered by A. Stoll and 
E. Wiedemann.’^® This is the most recent formula proposed by 

9h:ch2 cho 


N ' \ 

\ >Mg< > 

\ NH N /Z 

coMe 

io^Phytyl 


(XLVIl.) 


Fischer, but it would presumably now be modified with respect to 
the position of the two extra ” hydrogen atoms so as to come into 
line with formula (XLVI) for chlorophyll a. The presence of the 
vinyl group at Cg is inferred by analogy, but has not been proved. 

There now appears to be no justification for the supposition that 
chlorophyll a and b arc readily interconvertible either in the plant 
or in the laboratory. 


Other Natural Porjjhyriri Derivatives. 
BacteriocMorophyll .—Some bacteria have the power of assimilat¬ 
ing carbon dioxide and recent investigations have shown that they 
contain a pigment closely resembling chlorophyll. K. Noack and 
E. Schneider first isolated the pigment of certain red sulphur or 
purpurbacteria of this type. They found that this compound, 
bacteriochlorophyll, contained magnesium removable by acids to 

H. Fischer, A. Hendschol, and L. Ntissler, Annalen, 1935, 516* 61; A., 530. 

H. Fischer and W. Rose, ibid., 1935, 619, 1; A,, 1134. 

Ibid., p. 58; A., 1134. 

Helv. Chim. Acta, 1933, 16, 307; A., 1933, 515. 

A. Stoll and E. Wiedemann, Naturwiss,, 1932, 20, 889; A., 1933, 167. 

’a Ibid., 1933, 21, 835; A., 1934, 112. 
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give a substance resembling phseophytin. Two carboxyl groups 
were found to be present, one esterified by methyl, the other by 
phytyl or a similar alcohol,and various derivatives were prepared, 
Noack and Schneider considered that two pigments were present, of 
which the one in larger amount resembled chlorophyll b and contained 
6 atoms of oxygen in the molecule. H. Fischer and J. Hasenkamp 
investigated the same (or a similar) substance, isolated by H. 
Graflron from pure cultures of Thiocystis violacea. They found 
that the predominating pigment belonged to the a scries and had 
an absorption spectrum of the “ oxo ’’-type (see p. 381). The 
crystalline bactcrio-mothyl phseophorbide a prepared from it gave, 
on treatment with hydrogen iodide, two porphyrins, one of which 
was identical with oxophaeoporphyrin ester. From this result 
the sixth oxygen atom was placed in an acetyl group on Cj*. 
Fischer’s formula for bacterio-methyl phseophorbide a is 
(XLVIIl), but the fine structure would presumably now be modified 


OO-CHg 

I PM 

^ NH HN ' X 
CH CH 

\ _NH N_ X 


Me' 


9H 


Mo 


CO 


CH, CO^Mo 
CO,Me 


(XLViri.) 


to agree with that of the last formula for chlorophyll a itself 
(XLVl). On Fischer’s formulation, this substance and the two 
chlorophylls are all structurally derived from ha3min by com¬ 
paratively simple processes of oxidation or reduction (the ester 
groups and central metal being neglected) : 


Substituent at 


Substance. C*. C3. C4. C^. C7. 

Hsemin . CHICHg CH3 CHICHa ( H^-CHa-COaH CHa-CH^-COaH 

Chlorophyll a. „ „ C2H5 CO*CH*COaH* „ 

Chlorophyll 6. ,, CHO ,, ,, ,, 

Bacterio -chloro¬ 
phyll . CO-CHg CH, „ 

* Cyclised on to Cy. 


E. Schneider, Z. physiol. Chem., 1934, 220, 221; A., 1934, 1265. 
74 Annalen, 1935, 616, 148; A., 362. 

7® H. Fischer and J. Hasenkamp, ibid.f 1935, 610, 42; A., 1134. 
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Porphyrins in Minerals.—A. Treibs has made an interesting 
study of the occurrence of porphyrins in a number of minerals. 
In 1934, from the bitumen of an oil shale from the Karwendel 
Mountains, he isolated two porphyrins,^® deoxophylloerythrin 
(XLIX, B = COgH), and the decarboxylated compound, deoxo* 
phyIloerythro- 8 etioporph 3 rrin (XLIX, B = H). 


Et CH Me 



^TT 

mtj 

^'^Et 

J NH HN 
CH 


\ N N 

“Vvh/ 

—/ 


9^2 

9^2 

CHjR 

CHjR 


H 


(h.) 


The structure of the first was known, that of the latter was proved 
shortly afterwards by synthesis.’’ Porphyrins w^ere next found 
in other shales, in petroleums ’®‘ (from Galicia, Trinidad, etc.), in 
asphalts (Trinidad, Dead Sea, etc.), in phosphorites,’® and in 
many coals.Mineral waxes appeared to contain very little 
porphyrin.’® The richest sources were Trinidad oil (which con¬ 
tained about 0*04% of total porphyrin) and particularly a bituminous 
marl from Switzerland (0*4%).’® These quantities are astonish¬ 
ingly high w'hen compared with the chlorophyll content of dried 
leaves (0*8%). 

The mineral was extracted successively with acetic acid and 
chloroform, and the extract treated at 50° with hydrobromic and 
acetic acids.’® The porphyrins were finally purified by acid 
fractionation. Besides the two compounds mentioned above, 
which are derivatives of chlorophyll, Treibs has identified meso- 
eetioporphyrin (L, B = H) and mesoporphyrin (L, B = COgH) of the 
hasmin series.’® Coproporph 5 a’in was detected in guano.’® The 
chlorophyll porphyrins are always present in greater amount than 
those from hsemin, and the decarboxylated compounds predominate 
over the free acids. The deoxophylloerythrin and the derived 
setioporphyrin from the Swiss marl occur naturally combined 
with vanadium in the centre of the large ring, as compounds of 


Anruilen, 1934, 609, 103; A., 1934, 387. 

” H. Fisohor and H. J. Hofmann, ibid., 1935, 517, 274; A., 871. 
’• A. Treibs, ibid., 1934, 610, 42; A., 1934, 629. 

’• Idem, ibid., 1936, 617, 172; A., 727. 

•0 Idem, ibid., 1936,680.144; A„ 1847. 
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the type > VO, > VOg or > V(OH) 2 .’® It appears probable that the 
vanadium enters the complex as a result of a secondary reaction. 
A stable ferrous complex also has been detected.'^® There can be 
littb doubt that chlorophyll and hsemin are the parent substances 
from which these porphyrins are formed by geological processes. 
The purity of the products makes it unlikely that there has been 
ring opening and res 5 nithesis. The production of vanadyl deoxo- 
phylloerythro-setioporphyrin from chlorophyll a involves the stages : 
(i) replacement of magnesium by vanadium, (ii) elimination of the 
labile carbomethoxy-group at Cjo; (iii) conversion into the porphyrin 
system, and (iv) decarboxylation at C 7 . The decomposition of 
phsBOphytin to deoxophylloerythro-aetioporphyrin in petroleum at 
360° has been reproduced artificially. 

A number of interesting deductions have been drawn by Treibs. 
The results prove that plants play a major part in the formation 
of petroleum. The role of animals appears less important. The 
decompositions which they undergo must bo comparatively mild; 
this agrees with the discovery of optical activity, and recently of 
oestrogenic properties, in petroleums. Moreover the two carb- 
oxylated porphyrins, mentioned above, act as recorders of the 
maximum temperature to which the oil has been subjected, for 
direct experiment shows that mesoporphyrin is decarboxylated by 
a week’s heating at 240°. Treibs estimates that oils or minerals 
containing acid porphyrins cannot have been subjected to a tem¬ 
perature of more than 200 ° at any stage during their formation. 

It has been necessary to omit a great deal of interesting material 
in compiling this Keport on the porphyrin field. As usual, the 
more complete topics have been discussed. 

R. P. L. 


E. H. Fabmeu. 
E. L. Hirst. 

R. P. Linstead, 

S. Peat. 

E. S. Spring. 

E. E, Turner. 



BIOCHEMISTRY 


The year lias seen steady progress in many directions, and it is a 
matter for regret that limitations of space forbid mention of more 
than a relatively small number of the advances which have been 
made. Selection has not been easy; the inclusion of certain subjects 
was obvious, but in other cases the choice between inclusion and 
omission was necessarily decided rather by the personal interests 
of the Reporter than by the relative importance of the subjects, 
which could not readily be distinguished. Even in the subjects 
chosen for review, much interesting and meritorious work has 
perforce received no direct reference. 

Among the vitamins, Bj has come into prominence since the 
publication, at the beginning of the year, of its probable structui*e; 
the presence of a pyrimidine derivative in the molecule, together 
with a number of scattered references to the occurrence and im¬ 
portance of pyrimidines, suggests that in the near future we may 
expect a great increase in the number of publications dealing with 
these substances. Flavin chemistry has received a good deal of 
attention, and it seems that the structure of lactoflavin is settled, 
though that of its phosphoric ester, the prosthetic group of the 
Warburg and Christian yellow enzyme, is stih a matter for research 
with respect to the position of the ester linkage. It seems probable 
that calciferol, which is no longer alone as an artificial anti-rachitic 
substance, is not identical with the vitamin D present in fish-liver 
oils. Since vitamin E is now known to be an alcohol, we may 
confidently expect its complete isolation very soon. 

The male sex-hormone now resembles oestrone in that its 
characteristic activity is exhibited by a number of related com¬ 
pounds ; although the most active of them, testosterone, is regarded 
as the true hormone, one wonders whether that is a final verdict. 
The corpus luteum hormone, whose structure bears a remarkable 
resemblance to that of testosterone, still appears to be specific. 

The process of the conversion of carbohydrate into lactic acid 
in muscle (or alcohol in yeast) is emerging as a series of reactions 
in which, at two important points, phosphate is received from or 
transferred to the nucleotide co-enzyme of the system. Phospho- 
creatine is not essential to the system, but appears to be intimately 
connected with it in muscle, in a manner not yet clear. 

The synthesis of glutathione is an important achievement in the 
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field of organic biochemistry and finally settles the constitution of 
this substance, whose functions in the living cell are gradually 
being elucidated. 

In the field of intermediate metabolism the most important 
advance of the year is undoubtedly the demonstration that the 
theory of p-oxidation is unable to explain the known facts concerning 
the oxidation of fatty acids. 

Chemotherapy is advancing in many directions, and the examples 
chosen are merely illustrative of the way in which synthetic sub¬ 
stances may siipploment or replace naturally occurring drugs and 
of the applications of biochemistry in determining the mode of 
action of drugs or even of initiating a new form of therapeutic 
treatment. 

In the plant biochemistry section considerable space has again 
been devoted this year to growth-regulating substances. The 
rapid extension of oiir knowledge in this field seems to demand a 
continuation of the Report of last year, in conjunction with which 
the following section should be read. The nature of frost resistance 
in plants has assumed academic as well as i)ractical importance, and 
in view of the fact that no reference has been made to this subject 
in these Reports for some years a review of the present position is 
included. The section relating to the biochemistry of moulds 
covers the past two years. 

1. Animal Biochemistry. 

Vitamins, 

Vitamin {A7ieurin )^—It is now generally admitted that the 
various crystalline preparations of vitamin hydrochloride are 
substantially identical and that the substance has the empirical 
formula Cj 2 HjgON 4 Cl 2 S, As a result of a series of investigations 
by R. R. Williams and his co-workers considerable progress has 
been made in the elucidation of the structure of the vitamin. When 
the hydrochloride is kept at room temperature in contact with a 
solution of sodium sulphite containing sufficient excess of sulphurous 
acid to bring it to 4—5, it undergoes fission, giving two products, 
CgHgONS (A) and CgHgOgNgS (B), in 97% yield.^ The product A 
is an oily base, giving crystalline salts; it contains a hydroxyl group 
and on oxidation with nitric acid yields an acid, CgHgOgNS, identical 
with that previously obtained by A. Windaus, R. Tschesche, and 

1 B. C. P. Jansen, Nature, 1935, 136, 259. 

2 K. R. Williams, J, Amer, Chem, Soc,, 1935, 67. 229; A., 504; R. R. 
Williams, R. E. Watermann, J. C. Keresztesy, and E. R. Buchman, ibid,, 
p. 536; A., 668. 
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R. Grewe ® by direct oxidation of the vitamin.^ This acid has been 
identified as 4-methylthiazole-5-carboxylio acid,®' ® and the basic 
product of the sulphite cleavage has been proved by synthesis to be 
4-niethyl-5-p-hydroxyethylthiazole (I).® To product B—the acidic 
product of the sulphite cleavage—is provisionally allocated the 
structure ( 11 ).^ The evidence here is of a more slender nature, 
but the substance has the properties of a 6 -aminopyrimidine- 
sulphonic acid : the disposition of the sulpho- and the ethyl group 
is arbitrary and it is of course possible that the ethyl group should 
be replaced by two methyl groups. 


(I.) 


N< 






CH—S 


N— 

H9 C-SOjH (II.) 

N^C-CiiHs 

The sulphite cleavage of the vitamin, taken in conjunction with 
its other properties, led R. R. Williams ^ to propose a tentative 
formula (III) for vitamin hydrochloride. 

H 9 9 - 


(III.)* 


N^iC-CgHs 


CH—^ 

' 9 


CH, 


CHg-CHg-OH 


This formula contains a quaternary nitrogen atom and, although 
the evidence from electrometric titration curves is conflicting,®' * 
R. R. Williams and A. E. Ruehle consider that their results by 
this method indicate the presence of such an atom. 

Early this year R. A. Peters reported that aqueous solutions 
of vitamin Bj acquired a blue fluorescence on oxidation, and R. 
Kuhn, Th. Wagner-Jauregg, F. W. van Kiaveren, and H. Vetter 
later isolated from yeast a yellow basic substance, thiochrome, 
CJ 2 H 14 ON 4 S, exhibiting an intense blue fluorescence in neutral or 
alkaline solution. The close relationship in empirical formula 
between thiochrome and the vitamin suggested that the former 

* Ann. Reports, 1934, 81, 328. 

* E. K. Buchman, R. R. Williams, and J. C. Keresztesy, J, Amer, Chem. 
Soc., 1935, 67, 1849. 

® H. T. Clarke and S. Gurin, ihid^, p. 1876. 

® M. Tomlinson, J., 1935, 1030. 

’ R. R. Williams, E. R, Buchman, and A. E. Ruehle, J. Amer, Chem. Soc., 
1935, 67, 1093; A., 1035. 

® T. W. Birch and L. J. Harris, Nature, 1935,135, 654. 

* R. C. G, Moggridge and A. G. Ogston, Biochem* J*, 1935, 29, 866; A., 668. 

J, Amer. Chem. Soc., 1935, 67, 1856. 

Nature, 1935, 136, 107; A., 415. 

« Z. physiol, Chem,, 1935, 284, 196; A„ 1026. 

* The formula as originally published (and in the AhaUract) gave the HGt 
attached to the S of the thiazole ring. This was undoubtedly a misprint, 
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might be the substance responsible for the fluorescence noted by 
Peters and might arise from vitamin present in the yeast. The 
preparation of thiochrome from vitamin by oxidation with 
alkaline potassium ferricyanide has been described by G. Barger, 
F. Bergel, and A. R, Todd and with porphyrexide by R. Kuhn 
and H. Vettor.^^ For thiochrome the former propose the structure 
(IV; R ~ H, R^ = CgHg), whereas the latter authors favour a 
slightly different formula (IV; R == R^^ = CHg). 

N S 

(IV.) RC C - N - C-CHo 

fccRi 

Oxidation of vitamin with barium permanganate has been 
studied by A. Windaus, R. Tschesche, and R. Grewe,^^ who have 
isolated in small quantities some as yet unidentified pyrimidine 
derivatives. 

The vitamin formula (III) appears to be in agreement with the 
properties of the substance, although some doubt exists as to 
whether the pyrimidine part carries one ethyl group in position 4, 
or two methyl groups in positions 2 : 4. Evidence from G-alkyl 
determinations in favour of the former view is advanced by A. R. 
Todd, F. Bergel, and Karimullah.^® Final decision must, however, 
rest with synthesis. 

Indeed, since the complete identification by analytical methods 
of the pyrimidine obtained by Williams is evidently very difficult, 
it seems likely that further advances in our knowledge of the 
structure of vitamin B^ will be made mainly by synthesis. There 
seems little doubt, however, that the formula proposed by Williams 
is essentially correct. 

The antineuritic activity of crystalline vitamin B^ towards human 
beri-beri has been confirmed by R. R. Williams, R. E. Waterman, 
and J. C. Keresztesy,!’ who report also that the crystals completely 
protect rats from polyneuritis in a dose of 1—2 x 10-® g. per day. 
A. J. Hermann and F. Eubanan report the successful treatment 
of a number of cases of human beri-beri with crystalline aneurin. 

Vitamin Rg-—^The chemistry of the flavins is fully reviewed else¬ 
where in this volume.^® It is sufficient here to mention that, 

Nature, 1935, 136, 259; A., 1286; Ber,, 1935, 68, [B], 2257. 

1* Ber., 1935, 68, [B], 2375. 

15 Z, phyaioL Chern,, 1935, 237, 98. 

Ber., 1936, 69, [B], 217. 

17 Science, 1935, 81, 535; A., 1035. 

15 Philippine J. Sci., 1936, 67, 277; A., 1429. 

P. 854. 
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although the synthetic arabinose derivative of alloxazine mentioned 
in the Report for last year ^ is undoubtedly physiologically active, 
it now appears that 6:7-dimethyl-9-d^-riboflavin is chemicaUy 
and physiologically identical with lactoflavin from milk.^i The 
amyl derivative prepared last year, 22 and a similar substance with an 
acetic acid side chain, are inactive. 

It has been shown by H. Theorell that no yellow enzyme is 
formed when lactoflavin is added to the inactive (protein) constituent 
of the enzyme, but that the prosthetic group is a raonophosphoric 
ester of a flavin. Such a substance has been synthesised by R. Kuhn 
and H. Rudy,^^ who found it to behave similarly to the active group 
of the yellow enzyme in an electric field, but to be less active in 
causing decolorisation of methylene-blue. 

P. Gyorgy ^7 has confirmed his previous finding of the inactivity 
of lactoflavin in preventing “ rat pellagra,’* for which another 
substance, which he terms is necessary. This substance is 
present in Peters’ charcoal eluate ” from yeast, and Gyorgy 
suggests that it may be a second natural pigment. In foodstuffs 
its concentration by no means parallels that of lactoflavin. These 
results are confirmed by L. J. Harris and by H. Chick, A. M. 
Copping, and C. E. Edgar.^^ Gyorgy recommends that the term 

Bg ’’ be applied to the lactoflavin plus B^. 

Vitamin C .—A large number of papers have dealt with the 
oxidative methods of determining Z-ascorbic acid and with the 
various means available for overcoming its tendency to oxidise 
spontaneously and for removing the interfering substances {e.g., 
glutathione) with which it is frequently associated. 

B. C. Guha and A. R. Ghosh report that rat tissues, 

especially liver, spleen, and kidney, are able to synthesise ascorbic 
acid in vitro from mannose, but not from glucose, fructose, galactose, 

Ann. RejyortSj 1934, 31, 329. 

H. von Euler, P. Karrer, M. Malmberg, K. Sch5pp, E. Benz, B. Becker, 
and P. Frei, Helv. Chim. Act^, 1935, 18, 522; /!., 760; R. Kuhn, K. Reine- 
mund, F. Weygand, and R. Strdbele, Be/., 1935, 68, [B], 1765; A., 1382. 

22 R. Kuhn and F. Weygand, ibid., 1934, 67, [B], 2084; ^., 262. 

23 R. Kuhn and H. Rudy, ibid., 1935, 68, [B], 300; A,, 503. 

24 Biochern.Z., 1934,276,37; A., 248; ibid., 1935, 276, 344; .4., 400; ibid., 
1935, 278, 263; A., 1024. 

25 Ber., 1935, 68, [B|, 383; A., 545. 

2 ® Ann. Reports, 1934, 31, 331. 

27 Biochem. J., 1935, 29, 741, 760, 767; A., 545. 

28 Ibid., p. 776; A., 545. 

22 Ibid.,p. 722; A., 544. 

20 Nature, 1934, 134, 739; A., 1934, 131. 

8^ Current Sci., 1934, 8, 251; A., 1934, 416. 

82 Nature, 1935, 186, 871; A., 903. 
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xylose, or arabinose. Rats are known to be independent of vitamin 
C from external sources, unlike, e.^., the ox, cat,^^ and guinea pig,^^ 
whose tissues are unable to synthesise the vitamin in vitro. 

Vitamin D .—It is well estabhshed that a particular physiological 
activity is frequently possessed by a group of related substances, 
although one (or a few) of the group may possess it in an out¬ 
standing degree. Among the hormones and vitamins this pheno¬ 
menon appears to exist to an extent which was unsuspected a 
year or two ago. The fact that oestrogenic activity is possessed by 
a number of substances other than oestrone and oestriol has been 
known for some time, and has been commented on in these Reports 
it was noted last year also that certain modifications in the structure 
of the testicular hormone and that of the corpus luteum resulted 
in increased rather than decreased activity. During the past year 
several other substances, hormones and vitamins, have been shown 
not to be alone in possessing their peculiar activities, and in one 
case, that of vitamin D, the question has been raised as to whether 
the substance hitherto regarded as the vitamin is really entitled to 
bo so considered. 

W. C. RusseU, M. W. Taylor, and D. E. Wilcox ^ found that, 
with chickens, in order to induce normal growth and produce 
bone of normal composition it was necessary to supply at least 144 
times as much vitamin D in the form of irradiated ergosterol as in 
the form of cod-liver oil. Irradiated ergosterol was also less 
efficacious than cod-liver oil in maintaining laying in pullets. 
M. J. L. Dols found that, whereas chickens were adequately pro¬ 
tected from rickets by a diet containing 2% of cod-liver oil, the 
addition of irradiated ergosterol with a vitamin activity (as measured 
on rats) ten times as great was insufficient. Two hundred and fifty 
international (rat) units of vitamin D per 100 g. of ration sufficed 
for chicks when supplied in the form of cod-liver oil, unsaponifiable 
fraction of cod-liver oil, tunny oil concentrate, or irradiated 
cholesterol, but 2500 units as irradiated ergosterol were insufficient. 
The obvious conclusion is that the antirachitic substance in the fish 
oils is not identical with calciferol. Similar results have been 
obtained before, though perhaps in less conclusive form. It has, 
of course, to be remembered that other substances present in the 
fish oils, e.g., vitamin A, may be exerting some effect. Indeed, 
T. G. H. Drake, F. F. TisdaU, and A. Brown have found the 
opposite effect in infants—that irradiated ergosterol has a greater 

33 Ann. Reports, 1934, 31. 326. 

3* J. Biol. Chem., 1934, 107, 735; A., 1935, 261. 

3® Disa., Nijmegen, 1936; A., 1430. 

38 Canadian Med. Asuoc. J., 1934, 71, 368; A., 1935, 417. 
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antirachitic effect than an equal number of rat units of vitamin D 
in the form of cod-liver oil. The same criticism has been levelled 
against the work of F. Ender,^^ who reported chemical and physical 
differences between a vitamin D concentrate from natural sources 
and the substance obtained by irradiating ergosterol. 0. Rygh 
has now reported that vitamin D concentrates from the liver fats of 
a woman, a cow, and numerous species of fish were equally effective 
in preventing rickets in chicks and agreed further in showing no 
absorption maximum at 260—270 m[i, no rotation in alcoholic 
solution, no reaction with maleic anhydride, and complete esterific¬ 
ation in 10 days with phthalic anhydride and pyridine. These 
findings indicate quite definitely that antirachitic activity is not 
confined to calciferol, and strongly suggest, indeed, that calciferol 
is not the natural vitamin. The latter conclusion, however, must 
still be regarded with some reserve, in view of the wide distribution 
of ergosterol. The nature of the antirachitic substance in the 
liver-oil concentrates of Rygh is still unknown. 

In addition to calciferol and a naturally occurring substance 
not identical with it, other, artificially prepared, substances are 
now known to be antirachitic. A reduction product of ergosterol 
(22:23-dihydroergo8terol) becomes strongly antirachitic when 
heated, and further evidence that the side chain is of relatively 
little importance in determining activity is afforded by the fact 
that irradiation of 7 : 8-dehydrocholesterol (side chain of 8 instead 
of 9 C) gives a product containing 8000 antirachitic units per mg.®® 
Dehydrocholesterol has the same spectrum as ergosterol, and is 
strongly Isevorotatory; it would therefore appear not to be the 
precursor of the substance which Rygh believes to be the natural 
vitamin. 

The constitution of calciferol is not yet completely determined, 
although the different workers agree that it contains a three-ring 
system, ring scission taking place during irradiation in the con¬ 
version of lumisterol into tachysterol, and the four-ring system 
being re-formed when calciferol is converted into pyrocalciferol. 
0. Rosenheim and H. King favour a formula (V) having a 10- 
membered ring, with three conjugated double bonds, of which one 
is in the original ring C of the sterol system. 

I. M. Heilbron, K. M. Samant, and F. S. Spring also suggest a 

Z, Vitaminforsch.t 1933, 2, 241. ’ 

Nature, 1936, 186, 396, 662; A„ 1430. 

A. Wihdaus, H. Lettr6, and F. Schenck, Annalen, 1935, 520, 98; A,, 
1363. 

« Chem, and Ind., 1936, 699; A., 1120. 

*1 Nature, 1986, 186» 1072; A., 1036. 
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three-ring formula. I. M. Heilbron and F. S. Spring agree with 
Rosenheim and King that the change from tachysterol to calciferol 
involves a change in the position of the double bonds, but do not 
think the position of these bonds can yet be decided with certainty. 




From consideration of the effects of mild oxidation on calciferol 
they hold that the ring system shown in (VI) must be present in 
calciferol, and that one of the double bonds occupies the 5 : 6- 
position. 

Windaus suggests a similar ring scission. 

Vitamin E, —Although vitamin E has not yet been isolated, 
increased knowledge of its chemical character should lead before 
long to its preparation in a pure state. It is known to be an 
alcohol,^ Benzoyl and acetyl derivatives of concentrates from 
vitamin-E-active oils show the vitamin activity, but methyl or 
ethyl ethers, and also a urethane obtained by the action of phenyl 
t^ocyanate, do not. Alcoholic potassium hydroxide, however, 
hydrolyses the urethane and restores activity. The vitamin con¬ 
centrates exhibit an absorption band at 294 mg, but H. S. Olcott^^ 
concludes that this is not due to the vitamin, since its intensity is not 
proportional to the vitamin activity. Hydrogenation of the active 
concentrates reduces the iodine value to 26 and does not destroy 
the active substance. 

J. C. Drummond, E. Singer, and R. J. Macwalter have obtained 
a concentrate, active in a daily dose of 0*1 mg., and evidently con¬ 
taining a hydroxyl group, since it is capable of acetylation. They 
describe their preparations, however, as showing an absorption 
band at 294 mg, the intensity of which is proportional to the vitamin 
activity of the preparation. They found that acetylation of their 
active product yielded p-amyrin acetate, which was inactive and 
gave little absorption. This is, however, not the vitamin, since 
Olcott found that his aoetylated product was active, and F. E. 
Askew from examination of surface films has concluded that 

« Chem. and hid., 1936, 795; A,, 1236. 

« Of. H. MttUer, Z. physiol. Chem., 1936, 283, 223; A., 1037. 

44 H. S. Olcott, J. Biol. Chem., 1936, 110, 695; A., 1287. 

4» Ibid., 1934, 107, 471; A., 1936, 129. 

4« Biochem, J., 1936, 29, 466; A., 418. 

•»» p. 472; A., 418. 
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P-amyrin differs from vitamin E, which, however, may be a poly¬ 
cyclic compound with a water-attracting group near one end of 
the molecule. 

The Sex Hortnones. 

The number of publications dealing with the sex hormones has 
suffered no diminution. The interest still lies mainly in the chemical 
constitution of the hormones and its relation to physiological 
activity. 

Testicular Hormone .—It was reported last year that andro- 
sterone, prepared from urine and from e^/dihydrocholesterol, 
appeared to be somewhat specific, although its reduction product, 
androstanediol, was even more active in promoting comb growtii 
in the capon. During the year under review the number of active 
substances has been considerably increased, both by isolation from 
natural sources and by artificial preparation. 

Androsterone (VII) is saturated, and has the spatial arrangement 
shown; its sttjreoisomeride, i^oandrosterone (VIll),^^ obtainable 
from dihydrocholesterol or stigmasterol, is about one-tenth as 
active in the comb-growth test; ^ but the corresponding compounds 
with the citS-arrangement of rings A and B are inactive. The 
particular stereo-position of the hydroxyl group in androsterone 
does not, therefore, appear to be essential for physiological activity, 
and, indeed, androstanedione (IX) (isolated from testes ^^) 
is about two-thirds as active as androsterone in promoting comb 
growth {in vivo reduction may occur, of course). A point of some 
importance arises here, for when tested by its power of stimulating 
vesicular growth in immature or castrated rats, androstanedione is 
found to be somewhat more active than androsterone; on the other 
hand, androstanediol (X) is four or five times as active as andro¬ 
sterone in promoting comb growth,®^ but only slightly more active 
in promoting vesicular growth.^ 

It seems, further, that, although compounds with the ci^-arrange- 
ment of rings A and B are inactive, the presence of a trans-ebTT&nge- 

** Ann. Tteports, 1934, 31, 323. 

A. Butenandt and H. Cobler, Z. physiol. Chem., 1935, 234, 218; A., 
1033. 

L. Kuzicka and A. Wettstein, Hdv. Chim. Acta, 1935, 18, 986; A., 

1125. 

A. Ogata and S. Hirano, J. Pharm. Soc. Japan, 1934, 54, 199. 

A. Butenandt and K. Tschernig, Z. physiol. Chem., 1934, 229, 185; A., 
1936, 413. 

** L. Ruzicka, M. W. Goldberg, and J. Meyer, Helv. Chim. Acta, 1935, 
18, 210; A., 346; A. Butenandt and K. Tschernig, Z. physiol. Chem., 1935, 
234,224; A., 1033. 

E. Tschopp, Nature, 1935, 136, 269; A., 1286. 
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ment is not essential, for several active unsatiii’ated substances have 
been discovered. Butenandt isolated from urine isodehydro- 
androsterone (XI), which was about as active as isoandrosterone 




and was shown by its preparation from cholesterol to have the 
structure (XI).On reduction it gave the only slightly active 
dihydroxy-compound (XII),but oxidation produced andro- 
stenedione (XIII), which is less active than androsterone in the 
comb-growth test (about two-thirds) and about twice as active in 
the rat test. 



(XT.) (XII.) (XIII.) 


Most active of all is testosterone (XIV), isolated from testes by 
Laqueur et and shown by Butenandt and by Ruzicka,®* 

A. Butenandt and H. Danrienbaum, Z, physiol. Ghem., 1934, 229, 192; 
A., 1935, 413. 

Idem, and G. Harrisch and H. Kudszue, ihid., 1935, 237, 52. 

57 E. S. Wallis and E. Fernholz, J. Amer. Chem. Soc., 1935, 67, 1379, 1504, 
1511; A., 1125, 1242. 

5* A. Butenandt and G. Hanisch, Z. physiol. Chem., 1935, 237, 89. 

5® A. Butenandt and H. Kudszus, ibid., p. 75. 

50 K. David, E. Dingemanse, J. Freud, and E. Laqueur, ibid., 1935, 233, 
281; A., 1033. 

5^ A. Butenandt and G. Hanisch, Ber., 1935, 68, [B], 1859; A., 1370. 

52 L. Ruzicka and A. Wettatein, Hdv. Chim. Acta, 1935, 18, 1264; A., 
1371. 
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who prepared it from wodehydroandrosterone, to have the structure 
shown, which is remarkably similar to that of progesterone (XV). 
It is about five times as active as androsterone in the comb-growth 
test and about twenty times as active in promoting vesicular growth. 

COMe 


Me 


0 

The figures representing relative activities cannot be given more 
than approximately, for, as in all biological tests, there is a con¬ 
siderable margin of error, and such conditions as time elapsing since 
castration, duration of test, age and breed of animal, size of dose 
(i.e., whether an average or a maximal effect is sought) all affect 
the results of the test.^* There seems no doubt, however, that 
testosterone is the most active s\ibstance yet obtained in this group, 
and the tendency is to regard it as the true hormone, and to consider 
androsterone and the other naturally occurring related substances 
as products of its metabolism. 

The Corpus Luteum Ilornhone. —It has been suggested that the 
names a- and (3-progesterone be used for the high- and the low- 
melting form, respectively, of the corpus luteum hormone, previously 
known as progestin or luteosterone.®^ The two forms, it is now 
agreed, are chemically and biologically identical: W. M. Allen 
and S. R, M. Reynolds have shown that both suppress uterine 
mobility in rabbits, and that both inhibition of motility and pro¬ 
gestational proliferation of the endometrium are produced by one 
and the same hormone. Progesterone still seems to be remarkably 
specific. Reduction of both keto-groups or of the CgQ keto-group 
yields inactive compounds,®® and a second hydroxy-ketone, alio- 
pregnan-3-ol-20-one, isolated from corpus luteum is also inactive.®^ 
Not only is activity dependent on the presence of both ketone 
groups, but the presence and the position of the double bond are 
both important. Pregnandione, the saturated diketone corre¬ 
sponding to progesterone, is inactive and has been converted by 

L. Ruzicka, M. W. Goldberg, and H. R. Rosenberg, Helv. Chim, Acta, 
1935, 18. 1487. 

** W. M. Allen, A. Butenandt, G. W. Comer, and K. H. Slotta, Z, phystol. 
Chem., 1935, 286, 1; Nature, 1935, 186, 303; A., 1284. 

Science, 1935, 82, 156. 

•• Ann. Eeports, 1934, 81, 327. 

A. Butenandt and L. Mamoli, Ber., 1934, 67, [R], 1897; A., 1936, 216; 
E. Femholz, Z. phygioL Chem., 1934, 280, 186; A., 1935, 215. 
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A. Butenandt and L. Mamoli into a singly unsaturated diketone 
(believed to be A^-aZZopregnene-S : 20-dione) which is devoid of 
activity. 


Chemistry of Miisclc. 

Reference was made last year to attempts to co-ordinate the 
various chemical changes known to be associated with muscular 
activity. Much important work has been published during 1935 
on the details of lactic acid formation; it is, however, in the continu¬ 
ation of the attempts at co-ordination that the main interest of 
the year’s work lies. The position at present is by no means clear, 
for the problem of muscle chemistry involves the problem of the 
chemistry of muscular contraction, and of this, glycogenolysis 
forms only a part. The main progress so far is in the co-ordination 
of the changes in the phosphorus-containing compounds with lactic 
acid formation and, generally speaking, in the clear recognition of 
the key position occupied by these substances and of glycogenolysis 
as a series of reactions involving the transference of phosphate from 
one molecule to another. 

Adenylic acid pyrophosphate is apparently required for the 
formation of phosphoric esters of carbohydrate (acting as phosphoric 
acid donator), but the only other stage in lactic acid formation at 
which co-enzyme is necessary appears to be the hydrolysis of 
phosphopyruvic acid. At this stage it is now evident that adenylic 
acid is probably the true co-enzyme (acting as phosphoric acid 
acceptor). 

P. Ostern et have shown that autolysed frog-muscle extract 
slowly hydrolyses phosphoglyceric acid, but if adenylic acid is 
added, adenylic acid pyrophosphate is slowly formed and, with 
phosphopyruvic acid, accounts for all the phosphorus. In absence 
of creatine, phosphoglyceric acid is converted in part into phospho¬ 
pyruvic acid and no PO 4 '" is liberated; in this case adenylic acid 
then causes rapid production of adenylic acid pyrophosphate to an 
extent which accounts for half the phosphorus of the phospho- 
glycerio acid. It is therefore concluded that the “ dephosphoryl¬ 
ation of phosphoglyceric acid takes place in two stages and that 
(contrary to the earlier hypothesis of J. K. Parnas, P. Ostern, and 
T. Mann creatine-phosphoric acid is not an obligatory 
intermediary. 

[It is probable, from studies with natural and with synthetic 

Ber., 1936, 68, [B], 1860; A,, 1370. 

Ann. Reports, 1934, 81, 338. 

P, Ostern, T. Baranowski, and J. Rois, Compt. rend. Soc. Biol., 1936, 
118, 1414; A., 778. 
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phosphopyruvic aoid,^^' CH 2 'C( 0 *P 03 H)*C 02 H, that 

3-phosphoglyceric acid (formed from triose phosphoric acid) is 
converted by the action of a “ phosphoglyccrornutase into 2-pho8- 
phoglyceric acid; that this, under the influence of “ enolase,’’ 
yields phosphopyruvic acid; and that phosphoric acid is then 
transferred to adenylic acid (or creatine) with liberation of pyruvic 
acid.] 

Similar results have been published still more recently by P. 
Ostern, T. Baranowski, and J. Reis,’^ who find that dephosphoryl¬ 
ation of phosphoglyceric acid can occur only in presence of adenylic 
acid or adenylic acid pyrophosphate : if creatine also is present, 
formation of phosphocreatine occurs only under conditions which 
lead to an accumulation of adenylic acid pyrophosphate from 
adenylic acid. Under certain conditions in the system, phospho- 
glyceric acid-adenylic acid-creatine-phosphocreatine, there may be 
transference of phosphate from molecule to molecule (with liberation 
of pyruvic acid) without the liberation of any PO4'". 

U. M. Needham and W. E. van Heyningen also have found that 
phosphogly ceric acid is converted into pyruvic acid by dialysed 
muscle preparations in the presence of adenylic acid or adenylic 
acid pyrophosphate, though not in the presence of creatine without 
adenylic compounds. When adenylic acid was present, even with¬ 
out creatine, adenylic acid pyrophosphate was formed in amount 
equivalent to the whole of the adenylic acid present; when creatine 
was present with adenylic acid, phosphocreatine was formed as 
well. By using extracts dialysed for a long time so as to destroy 
the enzyme responsible for the hydrolysis of adenylic acid pyro¬ 
phosphate to adenylic acid and phosphoric acid, Needham and 
van Heyningen were able to show that in all probability adenylic 
acid pyrophosphate itself is incapable of inducing dephosphorylation 
of phosphoglyceric (or phosphopyruvic) acid, and that adenylic acid 
is the real co-enzyme in this reaction. This conclusion, though 
contradicting the earlier statement of K. Lohmann and O. Meyer¬ 
hof,is in agreement with the views recently published by O. 
Meyerhof and Lehmann.*^® Adenylic acid pyrophosphate can, 
usually, function as a co-enzyme on account of its rapid hydrolysis 
to adenylic acid. 

W. Kiessling, Ber., 1935, 68 , [B], 243; A., 471. 

Idem, ibid., p. 597; A,, 731. 

O. Meyerhof and W. Kiessling, Biochem. Z., 1935, 280, 99; A,, 1418. 

R. Akano, ibid., p. 110. 

Ibid., 1936, 279, 86; A., 1150. 

Biochem. J., 1935, 20, 2040; A., 1278. 

Biochem. Z., 1934, 271. 264. 

Naturwias., 1933, 21, 337. 
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Since the reaction, phosphoglyceric acid + creatine = pyruvic 
acid + phosphocreatine + HgO, is now shown not to take place, 
and since J. K. Parnas ct al,^^ have demonstrated an increase in 
phosphocreatine when frog-muscle pulp poisoned with iodoacetate 
is incubated with phosphoglyceric acid (confirmed by the authors 
cited above), Needham and van Heyningen and also J. K. Parnas 
and P. Ostern ^ make the suggestion, which is in agreement with 
the results of Ostern et as well as their own, that phospho¬ 
creatine may be synthesised by a reverse Lohmann reaction, i.e,, 

adenylic acid pyrophosphate + creatine == phosphocreatine + 

adenylic acid. 

Needham and van Heyningen suggest further that, since this is 
a termolecular reaction, it may proceed in two stages, with inter¬ 
mediate formation of adenosine diphosphate, which has been found 
by K. Lohmann in heart and smooth muscle and whose reaction 
with phosphoargiiiine has been demonstrated in crab muscle. This 
suggestion is an interesting one, for it is to be supposed that the 
(in skeletal muscle) exceedingly labile adenosine diphosphate would 
occur transitorily as an intermediate in the formation of adenosine 
triphosphate (adenylic acid pyrophosphate) from adenylic acid. 
It would thus account for the finding, recorded above, that phospho¬ 
creatine synthesis occurs in circumstances which lead to accumulation 
of adenylic acid pyrophosphate and also for the fact that ordinarily, 
in resting muscle, the amount of phosphocreatine slowly decreases. 

The present position is, therefore, that glycogenolysis does not 
necessarily involve the intervention of phosphocreatine, but consists 
essentially in (1) the transference of phosphate from adenylic acid 
pyrophosphate to carbohydrate; (2) the production of glycero- 
phosphoric acid and phosphopyruvic acid from the hexose diphos- 
phoric acid so formed; (3) the dephosphorylation of phosphopyruvic 
acid, the phosphate being transferred to the adenylic acid formed in 
(1); (4) the reduction of pyruvic acid to lactic acid with simultaneous 
oxidation of glycerophosphoric acid. 

In addition to the co-enzymes adenylic acid and adenylic acid 
pyrophosphate, which take part in certain reactions in stoicheio- 
metric proportions, the glycogenolysis system also requires 
magnesium ions. Their function is still obscure. Nor is it known 
how inorganic phosphate may enter or leave the system (as it does 
in vitro at least). 

The relation of phosphocreatine to these reactions is by no means 

J. K. Parnas, P. Ostern, and T. Mann, Biochein, Z,, 1934, 275, 74; ^., 
1935, 239. 

80 Ibid,, 1935, 279, 94; A., 1160. 

8^ Angew. Chem., 1935, 48, 166. 
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clear. It is, apparently, not hydrolysed by a specific enzyme, 
but liberates creatine by transferring its phosphate to adenylic 
acid.®® On the other hand, it can, in certain circumstances, be 
resynthesised at the expense of adenylic acid p 3 rrophosphate (or 
possibly adenosine diphosphate). It has, therefore, been described 
as a reserve of phosphate, a phosphate donator for the rapid re- 
synthesis of adenylic acid p 3 n’ophosphate.®® This, however, leaves 
unexplained many facts of muscle chemistry, and a further clarific¬ 
ation of the position is required. 

The question of ammonia production has received attention from 
J. K. Parnas and his collaborators. They are of the opinion that 
adenylic acid, but not adenylic acid pyrophosphate, may undergo 
deamination,®® but experiments (e.g., on the inhibition by phospho- 
glyceric acid of ammonia production in muscle pulp poisoned by 
fluoride or iodoacetic acid lead them to believe that this 
deamination takes place w^hen glycogenolysis is completed, i.e,, 
that adenylic acid is preferentially rephosphorylated to adenylic 
acid pyrophosphate. During the resting stage re-amination of 
inosinic acid is possible.®® 


Fat Metabolism, 

It has long been held, as suggested by Knoop, that oxidation of 
fatty acids in vivo takes place by successive oxidations of the 
P-carbon atom, and, though it has been questioned whether this 
is the sole mode of oxidation, p-oxidation has been generally accepted 
as accounting for the main part of fatty acid oxidation. Recently, 
definite proof has been advanced that other processes of oxidation 
occur, and even the general theory of P-oxidation, at least in its 
usual form, has been called into question. 

P. E. Verkade and J. van der Lee found that, after the feeding 
(to man) of triglycerides of fatty acids containing from 8 to 12 carbon 
atoms, the corresponding dicarboxylic acids were excreted in the 
urine. There was no difference between the fatty acids, attributable 
to their possession of an odd or an even number of carbon atoms, 
but the formation of dicarboxylic acid was greatest in the case of 
tricaprin. When tricaprin was fed, the urine contained not only 
sebacic acid, but also small amounts of the lower dicarboxylic acids, 
adipic and suberic. These results Verkade and van der Lee explained 

J. K. Pamas, P. Ostern, and T. Mann, Rocz, Chem.t 1934, 14, 1368; .4., 
1936, 387. 

*» T, Mann, Biochem, Z., 1936, 277, 380; A,, 890. 

M Idem, ibid., 1936, 279, 82; A., 1160. 

Biochem, J., 1934, 28, 31; A., 1934, 441; Z, phyaioL Ckem., 1934, 227, 
213; A., 1934, 1393. 
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as due to combined <d- and ^-oxidation, the possible routes 
being : 

CHa-LCH^ls-COaH -A- HOaC-ECHJs-COaH 

i' I' 

OHjtCHJ.-OOiH HO,C-lCH,VCO,H 

I' i' 

CH3*[CH2l4-C02H H02C-[CH2]4-C02H 

The existence of w-oxidation has been confirmed by B. Plaschen- 
trager, K. Bernhard, C. Lowenberg, and M. Schlapfer,®® who, after 
feeding a-methylbenzosulphaminolauric acid (to dogs), isolated the 
similarly substituted adipic acid from the urine. The authors 
postulate an initial <o-oxidation, followed by three successive 
p-oxidations. B. Flaschentrager and K. Bernhard have also 
obtained sebacic acid from dog’s urine after feeding sodium deooate 
and sodium laurate (0*5—1-0% of the fatty acid fed) and in the 
case of sodium decoate they obtained suberic acid as well. Similar 
results were obtained with methyl decoate and with ethyl (but not 
methyl) laurate. 

P. E. Verkade and J. van der Lee also have obtained evidence 
of direct oxidation, with rupture of the chain, at the double bond of 
an unsaturated acid, for they found that after ingestion of tri-A^- 
undecenoin, sebacic acid was excreted in the urine. They were 
unable, however, to isolate any definite acids after the ingestion of 
olive or rape oil. 

M. Jowett and J. H. Quastel have studied the oxidation of 
fatty acids by liver slices. They first investigated the production 
of acetoacetic acid from butyric, crotonic, and p-hydroxybutjric 
acids, and from mixtures of these. From (inter alia) the fact that 
crotonic and butyric acids appeared to compete for oxidation, 
whereas hydroxybutyric acid showed a partial additive effect, they 
concluded that hydroxybutyric acid was not an intermediary in 
acetoacetic acid formation. Since, moreover, acetoacetic acid was 
produced more rapidly from butyric than from crotonic acid, since 
certain inhibitors affected oxidation of crotonic acid more than that 
of butyric acid, and since the optimal rate of oxidation required a 
higher concentration of crotonic than of butyric acid, they decided 

8« Z. physiol Chem., 1934, 225 , 157; A., 1934, 1027. 

8 ’ Nnturwias,, 1936, 28 , 366; A„ 1015; Helv. Chim. Acta, 1935, 18 , 962; 
A., 1161. 

•» Z. physiol. Chem., 1934, 280 , 207; A., 1936, 242; Proc. K. Akad. 
Wetensch. Amsterdam, 1934, 87 , 690; A., 1936, 390. 

«• Biochem. J., 1936, 29 , 2143; A., 1408. 
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against desaturation with formation of crotonic acid as the first 
stage in the oxidation of butyric acid. They suggest an activation 
of butjric acid to a product identical with activated crotonic acid : 

CHg-CHjj-CHj-CO-O' —CHj-'^CHsj-CO-O' + 2H 



CHj-CHrCH-CO-O' CHs-CO-CHa-CO-O' 

I 

CH3-CH(0H)-CH2-C0-0' 

According to this view, then, oxidation of the fatty acid chain 
consists in production of a keto-acid by addition of oxygen after 
desaturation to an activated ion which exists only in association 
with the enzyme. 

Jowett and Quastel have further investigated the oxidation, 
by liver slices, of normal saturated fatty acids containing from 2 to 
10 carbon atoms. They find that, with guinea-pig liver, all except 
propionic acid yield acetoacetic acid, which is probably the only 
keto-acid produced in significant amount. The acids containing 
an odd number of carbon atoms produce only small amounts of 
acetoacetic acid; hexoic and octoic acids produce about one mol. 
of ketonic compounds per mol. of acid; deeoic acid produces rather 
less, butyric acid considerably less, and acetic acid even less than 
the higher odd-numbered fatty acids. The fatty acids higher than 
valeric, especially those with an even number of carbon atoms, 
produce some fixed ” acid, which is not acetoacetic or hydroxy- 
butyric acid but has not been positively identified; with acetic, 
valeric, and propionic acids, however, there is a disappearance of 
fixed ” acid, and with butyric there is a very slight loss. With 
rat liver, sodium benzoate inhibits acetoacetic acid production from 
the even-numbered fatty acids, the inhibition being greatest with 
butyric acid and decreasing as the series is ascended. N. L. Edson 
also has found that in liver slices odd-numbered fatty acids give rise 
to p-ketonic acid (acetoacetic acid, according to Jowett and Quastel), 
though only to about one-third the extent of the even-numbered 
acids, and this fact alone is clearly incompatible with the idea of 
successive p-oxidations as the only mode of breakdown of fatty 
acids. J. S. Butts et support this conclusion with experiments 
on the intact rat, suggesting that octoic acid may be oxidised to 
two molecules of ketonic compounds. Jowett and Quastel point 

Biochem, J., 1935, 29, 2159; A., 1408. 

Ibid., p. 2082; 1273. 

J. Butts, C. H. Cutler, L. Hallman, and H. J. Deuel, jun., J. BioL 
Chem., 1935, 109, 697; A,, 891. 
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out that the difficiilty cannot be overcome by supposing the pro¬ 
duction, by p-oxidation, of acetic acid, which might then be trans¬ 
formed into acetoacetic acid, since their quantitative results are 
against such a supposition. Taking into account any possible 
formation of acetoacetic acid from acetic acid, they consider the 
lower formation of acetoacetic acid by butyric than by hexoic, 
octoic, and decoic acids, together with the differing inhibiting effect 
of sodium benzoate, to be fatal to the p-oxidation theory. To 
replace it, they suggest a hypothesis of “ multiple alternate oxid¬ 
ation,’’ according to which the fatty acids undergo an oxidation 
throughout the chain, alternate carbon atoms being affected. Thus 
octoic acid may bo supposed to be oxidised at the p-, S-, and ^-carbon 
atoms simultaneously (possibly at the a-, y-, and e-carbon atoms to 
some extent), and valeric acid might undergo either p-oxidation or 
oxidation at the a- and y-carbon atoms. Oxidation at the p-, . 

atoms is to be considered the main process in the oxidation of the 
higher fatty acids. 

The liver slice technique has been applied by C. L. Gemmill and 
E. G. Holmes to the vexed question of the conversion of fat into 
carbohydrate. They find that slices of liver from rats fed on butter 
have an R.Q. of 0*58 (0*79 for slices from rats on normal diet), and 
that, after being shaken for 3 hours in sodium bicarbonate-Ringer 
solution at 37°, the slices show an increased carbohydrate content. 
The glycogen content of the livers of rats fed on butter falls almost 
to zero on the first day of the diet, and then gradually increases to a 
maximum of 1% on the fourth or fifth day. Although the latter 
results could conceivably be explained by transference of glycogen 
from other tissues, those with liver slices afford strong evidence in 
favour of carbohydrate production from fat (though the possibility 
of formation from protein is not definitely eliminated). 


Amino-acids. 

Last year the synthesis was reported of four diketopiperazines 
which underwent hydrolysis by digestive enzymes. Two of them, 
containing amino-dicarboxylic acids, were hydrolysed by trypsin 
and papain, and the others, containing diaminopropionic acid, were 
hydrolysed by pepsin. Y. Tazawa has now obtained d-arginine 
anhydride tetrahydrochloride and d-lysine anhydride dihydro¬ 
chloride. These substances are hydrolysed smoothly by pepsin, 
but not by trypsin or papain. It seems, therefore, that substituted 

Biochem. J., 1935, 29, 338; A., 623. 

Ann* Reports, 1934, 81 , 342. 

Acta Phytochim*, 1936, 8, 331; A,, 966. 
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diketopiperazines are susceptible to enzymic hydrolysis provided 
the side chains contain suitable amino- or carboxy-groups. This 
removes the main objection to accepting the diketopiperazine ring 
as part of the normal structure of proteins. Anhydrides have, of 
course, frequently been isolated from protein hydrolysates, though 
the methods employed have left open the possibility that they may 
be artefacts. Indirect evidence of their existence in the protein 
molecule is suggestive but inconclusive. The finding that they may 
be hydrolysed by digestive enzymes will surely stimulate the search 
for more conclusive evidence of their actual existence in the protein 
molecule. 

-New reagents and methods for determining the arrangement of 
the amino-acids within the protein molecule are being sought. 
S. Gurin and H. T. Clarke have prepared the benzenesulphonyl 
derivative of gelatin and succeeded in hydrolysing the peptide 
linkages without splitting off the benzenesulphonyl group. From 
the yield of e-benzenesulphonyl-d-lysine obtained, they conclude 
that at least 50% of the free NHg in gelatin is accounted for by the 
e-NHg of lysine, and that not more than 0-5% can be due to mono¬ 
amino-acids. M. Bergmann^’^ has used “ rhodanilic acid,’’ 
[Cr(CNS) 4 (CgH 5 'NH 2 ) 2 ]H, which gives a sparingly soluble crystalline 
salt with proline. On the basis of analysis of gelatin with this 
reagent, he suggests that every sixth amino-acid in the chain is 
proline, every ninth hydroxyprohne, and every third glycine. 

D. Blumenthal and H. T. Clarke distinguish two types of sulphur 
compound, one oxidised to SO 4 " by bromine and giving lead sulphide 
on treatment with lead carbonate, the other oxidised to SO 4 " by 
fuming nitric acid and not affected by lead carbonate. Applying 
this result to protein hydrolysates, they find that, besides cystine 
and methionine, two other sulphur-containing substances are present, 
one of each type. A new sulphur-containing amino-acid is claimed to 
have been isolated by A. G. van Veen and A. S. Hyman,®® who obtained 
it in 1 * 6 % yield from the djenkol bean and named it djenkolic acid. 
It has the formula CH 2 [S*CH 2 *CH(NH 2 )*C 02 H ]2 and on treatment 
with concentrated sulphuric acid gives cystine and simple decom¬ 
position products. 

An interesting amino-acid is canavanine, which was isolated in 
1929 by Kitagawa,^ who considered it to be 

nh2-c(:nh)-nh-o-ch2-ch2-ch(NH2)-co2H 

»» J. Biol. Chem., 1934, 107 , 395; A., 1935, 101. 

Ibid., 1935, no, 471; A., 1140. 

»» Ihid.,p. 343; A., 1140. 

»» Bee. trap, chim., 1935, 64 , 493; A., 966. 

^ M. Kitagawa and T. Tomita, Proc. Imp. Acad. Tokyo, 1929, 6, 380; 
A., 1930, 121. 
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and showed that it resembled arginine in being able to take part in 
the production of urea from ammonia and carbon dioxide. The 
constitution of canavanine has been confirmed by J. M. Gulland 
and C. J. O. R. Morris,^ who found that chloramino-T converted it 
into a mixture of glyoxal and tartronic semialdehyde, and hot 
concentrated hydrobromic acid produced a-amino-y-butyrolactone 
hydrobromide, ammonia, and guanidine. 


Glutathione, 


The tripiptide isolated by (Sir) F. G. Hopkins ^ in 1930 and almost 
simultaneously by E. C. Kendall, B. F. McKenzie, and H. L. Mason ^ 
has been shown by a number of workers to be y-glutamylcysteyl- 
glycine. This constitution has now been confirmed by synthesis. 
The synthesis by C. R. Harington and T. H. Mead ^ is founded upon 
the benzylcarbonato-method of M. Bergmann and L. Zervas,® but 
its success is due to the discovery of a suitable means of removing 
the benzylcarbonato-residue, which was not achieved, in the case of 
cysteine-containing substances, by the original method of catalytic 
reduction. Reduction by phosphonium iodide in acetic acid was 
effective, however, and so overcame the main stumbling block in a 
very difficult synthesis. iV^-Carbobenzyloxycystine was converted 


CHg-SH 

CO-NH-CHa-COgEt 


(XVT.) 


9 OCI 
+ 9 H 2 
9 H 2 

(jjH-NH-CO-O-CjH, 

COgMc 

(XVII.) 


(pO-NH-CH*CO*NH 
CH, CH, (I)H, 

CHg SH COaEt 

(^H-NH-CO-O-CVH, 
CO^Me 

I (XVIII.) 


CO-NH'CH-CO-NH -CH^-COaH 

CHji CHa-SH 

9 H 2 

(jjH-NHg (XIX.) 

CO^H 


into the acid chloride, which was coupled with glycine ester, and the 
product on reduction with phosphonium iodide yielded cysteylglycyl 
ester (XVI) (isolated as hydriodide). The a-monomethyl ester of 
^-carbobenzyloxyglutamic acid was obtained by the action of 
sodium methoxide in methyl alcohol on iV-carbobenzyloxyglutamic 


» J., 1935, 763; A,, 966. 

» jr. BioL Chern,, 1929, 84 , 269; A,, 1929, 1491. 
* Ibid„p. 657; A„ 1930, 113. 

« Biocherfi,, J., 1935, 29, 1602; A„ 1110. 

« Ber,, 1932, 65 , [B], 1192; A,, 1932, 935. 
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anhydride.^ It gave the corresponding acid chloride (XVII) on 
treatment with phosphorus pentachloride, and this was coupled 
with cysteylglycyl ester to give the compound (XVIII). The 
purification of this substance was difficult, as was the hydrolysis of 
the ester linkage, which was finally accomplished in alkaline aqueous 
dioxan solution. Keduction of the resulting acid by means of 
phosphonium iodide gave the tripeptide y-glutamylcysteylglycine 
(XIX) in small yield. The synthetic substance was identical in 
every respect with a sample of glutathione from natural sources. 

Knowledge of the functions of glutathione in the living cell is still 
in an unsatisfactory state, though it is steadily increasing. (Sir) F. G. 
Hopkins and K. A. C, Elliott ® found that fresh chopped liver, 
especially when obtained from well-fed animals, was (capable of 
reducing glutathione, and that this property was largely lost if the 
tissue was heated at t52° for an hour. These results suggested that 
certain enzyme systems were concerned and that glutathione could 
act as a hydrogen carrier. P. J. G. Mann® found that glucose 
dehydrogenase reduced glutathione under anaerobic conditions, 
and N. U. Meldrum observed a reduction by intact mammalian 
erythrocytes in presence of glucose. Now, N. U. Meldrum and 
H. L. A. Tarr have reported experiments showing that the isolated 
dehydrogenase system of Warburg and Christian reduces the 
oxidised peptide to the sulphhydryl form both anaerobically and 
aerobically in the presence of hexosemonophosphoric acid, phospho- 
hexonio acid, or fructosediphosphoric acid. When hexosemono¬ 
phosphoric acid is being oxidised in the presence of molecular 
oxygen, the reaction velocity is roughly proportional to the con¬ 
centration of glutathione, which is, therefore, acting as an oxygen 
carrier. In vitro, too, it has been stated by C. C. Palit and N. R. 
Dhar ,^2 oxidation of glucose by atmospheric oxygen at room 
temperature is induced by addition of glutathione. It is pointed 
out by N. U. Meldrum and H. L. A. Tarr that so far the only enzymes 
shown to be involved in glutathione reduction are intimately con¬ 
nected with carbohydrate oxidation. 

It has, of course, been known for some time that glutathione is 
the co-enzyme of the glyoxalase system (G. E. Woodward has 
recently based a method for the determination of glutathione on 
this fact) and again, glutathione is linked with carbohydrate 
’ J. Melville, Biochem, J., 1936, 29, 179. 

« Proc, Roy. Soc., 1931, [H], 109, 68; A., 1931, 1182. 

» Biochem. J., 1932, 26, 786; A., 1932, 880. 

Ihid., p. 817; A., 1932, 880. 

11 Ibid., 1936, 29, 108; A., 249. 

« J. Indian Chem. Soc., 1934,11, 661; A., 1934, 1314. 

10 J. Biol. Chem., 1935, 109. 1; A., 784. 
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metabolism. Experiments by R. Gaddie and C. P. Stewart 
suggest that glutathione is concerned in the formation of methyl- 
glyoxal from carbohydrate, as well as in its conversion into lactic 
acid. As supporting the idea that glutathione is specially con¬ 
cerned in carbohydrate breakdown, both aerobic and anaerobic, 
it is perhaps significant that K. Wachholder and W. QuenseP^ 
find the highest glutathione conceintration in those muscles which 
are most often required for prolonged exercise, e.gr., the extensors 
used for maintenance of posture. 


Chemotherapy. 

Recent years have witnessed keen competition in matters of cost 
and efficiency between naturally occurring and syntlietic drugs, 
the latter having the initial advantage of being in general much 
simpler in chemical constitution tlian the materials they are intended 
to supplement or supersede. 

In the treatment of malaria interest has continued to centre 
round the relative merits of the I. G. Farbenindustrie A.-G. sub¬ 
stances atebrin (XX) and plasmoquin (XXI),the Russian product 
plasmocido * (XXII),and the cinchona alkaloids, particularly 



MeO( 



MeO, 



XH ' NHN NHN 

CHMelCHgla-NEtg CHMe-[CH2]3-NEt2 [CHgla-NEt^ 

(XX.) (XXT.) “ (XXII.) 


quinine. The fact that plasmoquin is essentially antigametocidal 
in its mode of action and quinine and atebrin are primarily anti- 
schizonts suffices to account for the continued investigation of the 


Bioch&m. J., 1935, 29, 2101; A., 1278. 

PflUgera Archiv, 1934, 236, 70; A., 1935, 645. 

10 L. Knunjantz, Bull. Acad. Sci. U.R.S.S., 1934, 8, No. I, 153, 165; J5., 
1935, 650; H. Mauss and F. Mietszsch, Klin. Woch.^ 1933, 12, 1276; P. Tate 
and M. Vincent, Parasit., 1934, 26, 523; E. J. R. MacMahon, Brit. Med. J., 
1934, 477; W. Schxilemann, Proc. Roy. Soc. Med., 1932, 26, 897; Ind. Med. 
Oaz., 1936, 70, 83; W. Kikuth and F. Schonhofer, MUnch. med. Woch., 1936, 
16, 304; W. Kikuth, Deutsche med. Woch., 1935, 573; C. D. Newman and 
B. S. Chalam, Ind. Med. Oaz., 1935, 70, 6; D. P. Williams and R. Batta- 
charyya, ibid., p. 8. 

E. Tarejew, Bull. Soc. Path. exoL, 1933, 28, 1037; E. Tareer, Med. 
Parasit. and Parasitic Die., 1933, 2, 189. 

F. M. Peter, Trans. Roy. Soc. Trap. Hyg., 1936, 29, 41. 

In all probability the methylene-bis-salicylate of (XXII) 6-methoxy-8-y- 
diethylaminopropylaminoquinoline (Foumeau 710). 
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possibilities of the beneficial administration of plasmoquin or 
plasmocide in conjunction with quinine or atebrin.^® 

I. L. Kritschevski and A. I. Pines 20 have determined the con¬ 
centrations of plasmoquin and plasmocide sufficient, when intro¬ 
duced into the Spinus-spinus at the height of infection with Plas¬ 
modium prcecox, to destroy the power of the gametocytes to infect 
the Cuhx pipiens. 

O. J. Magidson,^^ R. Robinson,and their respective co-workers 
have attempted to correlate alterations in the alkoxy-radical and 
in the length and branching of the dialkylaminoalkyl side chain of 
6-a]koxy-8-aminoquinoline derivatives of the plasmoquin type with 
the variations in anti malarial efficiency which accompany these 
changes in the structure of the molecule, and R. F. A. Altman,^^ 
in addition to working along similar lines, has considered changes in 
the structure of the natural alkaloid and finds that substitution in 
the CH-OH and (-HICH groups of quinine destroys its antirnalarial 
potency. 

Preliminary reports on atebrin miisonate,^^ a potential improve¬ 
ment on atebrin, are promising; 1. L. Kritschevski and E. J. Sten- 
berg describe new derivatives of the plasmoquin type with 
chemotherapeutic indices greater than that of plasmoquin, but 
their true relative values have still to be established. 

Serum therapy being as yet only partially successful in the treat¬ 
ment of pneumonia—F. Stein has recently reported favourably 
on the combined effects of a serum and quinine—C. L. Butler, 
L. H. Cretcher, and their collaborators have essayed to improve 
upon optochin (ethylhydrocupreine) and report that hydroxy¬ 
ls A. E. Eckhardt, Arch. Schiff. Trop. Hyg., 1933, 37. 223; P. F. Russell, 
Arch. Ini. Med., 1934, 63, 309; W. H. W. Komp and H, C. Clark, Amer. J. 
Trop. Med., 1935, 15, 131; A. Krilow-Drenowsky, Arch. Schiff. Trop. Hyg., 
1936, 39, 243; L. Robin and T. Van-Huan, Bull. Soc. Path, exot., 1935, 28, 650. 

Klin. Woch., 1934, 13, 807; 1935, 14, 23; ci. W. Kikuth and F. Schon- 
hofer, ibid., 1934, 13, 375. 

Arch. Pharm., 1933, 271, 359; 1934, 272, 74; 1935, 273, 320; J, Gen. 
Chem. Russia, 1934, 4, 1047. 

2 ^ J., 1929, 2959, and subsequent papers; P. Tate and M. Vincent, Parasit., 
1933, 25. 411. 

23 Chem. Weekblad, 1935, 32, 345. 
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Hicks, Rec. Mai. Surv. India, 1935, 5, 203. 

23 Z. Microbiol., 1935, 14, 642. 
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ethylhydrocupreine affords considerable protection to infected mice 
in doses well below those at which toxic symptoms begin to manifest 
themselves. The most recent phase of their work makes contact 
with that of T. A. Henry, W. Solomon, and E. M. Gibbs,who from 
their detailed study of the demethylation of quinine and quinidine 
conclude that Butler’s a-apocupreine is identical with apoquinine 
and that his p-form is a mixture of apoquinine and a new alkaloid 
of lower rotation. 

It is rapidly becoming a recognised fact that quinine has definitely 
to compete not only with synthetic dnigs but also with “ totaquina ” 
and like remedies,^® hence the value as standards of reference of the 
carefully determined relative efficiencies in bird malaria of pure 
specimens of the principal cinchona alkaloids.^^ 

With physostigmine (eserine) the position is much the same, 
the more simply constituted and less toxic synthetic drug prostigmine 
(XXIII) rivalling it in efficacy. The investi¬ 
gations of M. Reinert and J. A. Aeschlimann 
and the pioneer work in this field of E. Sted- 
man,^® and of E. and (Mrs.) E. Stedman,^® the latter 
culminating in the production of myotin,®^ are 
jointly responsible for the introduction of pros¬ 
tigmine into medicine.^® Its myotic action is less 
marked, its intestinal action much stronger, than that of physo¬ 
stigmine, and in therapeutic doses it lacks the instability and the 
toxic properties which detract from the value of the alkaloid. 

The recent synthesis of d^eserethole suggests a near approach 
to the realisation of a cheap synthetic physostigmine, added interest 
being lent to this work by the markedly successful use of physo¬ 
stigmine, of prostigmine, and of the phenylmethylcarbamic ester 
derivative analogous to prostigmine in cases of myasthenia gravis,®® 



O-CO-NMe. 


[CH 2 ] 3 vS 04 Me 

(XXIII.) 
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the last-named remedy being effective despite its being the only one 
of the three drugs which does not act as an antidote to curare 
poisoning, whose symptoms closely resemble those of myasthenia 
gravis. The effect of injections of prostigmiue and atropine sulphate 
can be observed within five minutes of administration, is marked 
within half an hour, but has unfortunately disappeared after about 
eight hours. 

It is probable that the effective action of physostigmine and 
other urethanes in myasthenia gravis is due to the inhibiting action 
of these substances on the destruction of acetylcholine. In view 
of the suggestion of Loewi and Navratil that such an explanation 
accounted for the action of physostigmine on the heart, and that 
the destroying agent was enzymic, E. Stedman and E. Stedman 
investigated the effect on liver-esterase of a series of synthetic 
urethanes known to resemble physostigmine in other physiological 
properties. They found that these substances, in very low con¬ 
centration, markedly inhibited the action of the esterase. The 
extension of these results to other esterases, with the demonstration 
that both pancreatic lipase and kidney phosphatase were relatively 
unaffected by urethanes,^- was followed by experiments with acetyl¬ 
choline as substrate and an attempt to purify the enzyme prepara¬ 
tions—experiments which led E. Stedman, E. Stedman, and L. H. 
Easson^^ to the discovery of a specific choline esterase.’’ This 
enzyme rapidly hydrolysed esters of choline (acetylcholine most 
readily) and had little activity towards methyl butyrate (purified 
preparations recently obtained, 50—100 times as active towards 
choline esters as the original serum, had no detectable activity 
towards methyl butyrate ^). Manometric methods for the estim¬ 
ation of choline esterase have been described by R. Ammon and 
by E. Stedman and (Mrs.) E. Stedman.^® It appears that the con¬ 
centration of the enzyme in the blood varies considerably in different 
species, as also does its distribution between plasma and corpuscles.^® 
It is absent from the cerebro-spinal fluid, but is present in brain, 
where the concentration in the basal ganglia is about double that 
in the cortex (Dikshit has found a similar distribution of acetyl¬ 
choline in brain). 

Choline-esterase is inhibited by physostigmine and similar 

^0 Ffingers Archiv, 1929, 214, 678, 689. 

Biochem, 1931, 25, 1147; .4., 1931, 1190. 
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substituted urethanes to an even greater extent than liver-esterase, 
and the inhibiting power is proportional to the myotic activity.*® 
A decrease in serum choline-esterase activity has been found by 
M. S. Jones and H. Tod to follow administration of physostigmine 
(but not pilocarpine or adrenaline). It is thus reasonable to suppose 
that the remarkable effect of the urethane dnigs in myasthenia 
gravis is related to their action on choline-esterase. The fault in 
this condition may, on this supposition, lie either in an excessive 
concentration of the enzyme or in a deficient production of acetyl¬ 
choline. Stedman has published figures indicating that in 
myasthenia gravis there is at any rate no increase in the blood 
choline-esterase, a result which, though not conclusive, suggests 
that the latter alternative is correct. 

The year under review has seen an interesting addition to the 
means of combating infection of the urinary tract. Within the last 
four years good results in the treatment of urinary infections have 
been obtained by the use of a ketogonic diet,®^ i.e., by a diet so poor 
in carbohydrate as to encourage the excretion of large amounts of 
acetoacetic and p-hydroxybutyric acids in a strongly acid urine. 
The effect was traced to the bacteriostatic action of p-hydroxy- 
butyric acid.®^ M. L. Rosenheim found that bacteriostatic 
power on the growth of B. coli, in vitro^ was possessed by a number of 
other organic acids, notably benzoylacetic, p-hydroxypropionic, 
and laevulic. Mandelic acid compared favourably with p-hydroxy- 
butyric acid, was non-toxic, was excreted unchanged in the urine, 
and was shown by clinical trial to be effective in cases of urinary 
infection, provided the urine was rendered strongly acid by adminis¬ 
tration of ammonium chloride. The claims of Rosenheim as to the 
therapeutic value of mandelic acid have been confirmed by D. M. 
Lyon and D. M. Dunlop.^* C. P. S. 

J. S. 

2. Plant Biochemistry. 

Orowth-regulating Substances. 

The interest in these vital growth factors noted in the previous 
Report ^ continues steadily to increase. The notable work of 
F. Kogl and colleagues on the constitution of auxin-A and -R ^ has 

E. Stedman, private communication. 
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been followed by the isolation from urine and other sources of 
another substance exhibiting similar growth-stimulating properties, 
but quite unrelated, chemically, to the auxins. This hetero- 
auxin ” ® is identified as indole-3-aeetic acid. It is produced by 
the bacterial decomposition of tryptophan, and according to Kogl, 
may occur in appreciable amounts in urine under conditions in 
which the bacterial population of the intestine becomes abnormal. 

Although giving positive reactions in Went’s auxin-d test (oat 
coleoptile), heteroauxin is conveniently differentiated from the 
auxins in routine laboratory work by being easily decomposed by 
acids and by its relative stability towards alkali. Auxin-d is 
readily decomposed by alkali, and auxin--6 by both acid and alkali, 
Went’s diffusion test records a molecular weight of approximately 
175 as compared with approximately 350 for the auxins. On this 
basis the growth substance of coleoptile tips is definitely aiixin-d, 
whereas that obtained from Rhizo'pus is or includes heteroauxin. 

Physiological Activity of Growth Substance. —Although Kcigl’s 
work has given a definite chemical basis to the problem of growth 
substances, the response of plants to these substances demands, and 
is receiving, extensive investigation. Subsequently to the work 
previously reported,^ R. Snow and B. Le Faiiu ^ showed that pure 
auxin-d and also heteroauxin in concentrations of 1—2 p.p.hi. induce 
strong cambial growth in strips of tissue from decapitated sunflower 
hypocotls. A. Uhrova® shows the growth-inhibiting substance present 
in leaves of Bryophyllmn crenatium restricts the development of 
axial buds on that side of a shoot stump to which it is applied. 
He also confirms that the substance diffuses into the tissues and may 
subsequently be detected in the expressed juice and in an ethereal 
extract of the tissue. V. M. Katunski ^ records that auxin from 
coleoptile tips of oat and maize not only induces cell elongation in 
stems and checks the formation of adventitious rootlets on cut roots 
of Vicia faba, but also inhibits regenerative cell division in cut 
surfaces of succulent leaves. The “ wound substance ” appearing 
at the cut surfaces of decapitated roots is now assumed by F. Keeble 
and M. G. Nelson ® to be auxin-d. The traumatic curvature of the 
root is explained by the effect of cutting on the distribution of 
auxin-d within it. No geotropic curvature occurs in the root 
until an adequate amount of auxin-d has been acquired. The 

* F. Kogl and D. G. F. R. Kostermans, Z. physiol. Chem.y 1934, 288, 90 
104, 113; d., 1934, 1418. 

* Ann, Reports, 1934, 31, 359. 

* Nature, 1935, 136, 149; A., 418; R, Snow, ibid., p. 876; A,, 905. 

« Pkmta, 1934, 88, 441; A., 1935, 548. 

^ Compt. rend, Acad. Sci. U.S.S.R., 1935, 1, 661; A., 795. 

» Proc. Boy. Soc., 1936, [R], 117, 92; A., 648; cf. New PhytoL, 1930,89, 289. 
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distinction is made between the effects of auxin in promoting 
growth (controlled by concentration) and in inducing curvature, 
which depends on the gradient of concentrations on opposite 
sides of the root. 

Another form of activity of a growth-regulating substance is 
postulated by J. P. McCollum,^ who ascribes the general retardation 
of vegetative growth in plants during the development of fruits to 
the presence in the fertilised ovary of auxin or a related substance. 
N. Cholodny demonstrates the existence of a growth-substance 
in the starchy endosperm of maize and other Graminece in the very 
early stages of germination. Its formation is associated with 
starch hydrolysis, and probably begins with the onset of enzyme 
activity following the first absorption of water by the seeds. It is 
not initiated by the germinative process, since it occurs in seeds 
which have lost, naturally or artificially, their germinative power. 
Once formed, the growth substance passes rapidly into the developing 
embryo. 

Callus formation on cut epicotls following the application of 
growth substance from pollen and urine in the form of a lanoline 
paste is further examined by F. Laibach and 0. Fischnich,^^ who 
have now developed a method of determining the activity of auxin 
preparations, depending on the rate of thickening of decapitated 
epicotls of Vida faba. Standard curves representing the relation¬ 
ship between the percentage increase in diameter of the epicotl 
and the concentration of growth substance applied are obtained by 
means of heteroauxin pastes containing 73 X 10"^ g. of P-indolyl- 
acetic acid per g. of paste. In a subsequent paper the same 
authors record the root-initiating effects of pure heteroauxin. 
Treatment of intact stems with the paste results in a callus formation 
at or near the point of application, followed, in a few days, by the 
appearance of rootlets. Application to the upper side of the mid¬ 
rib of a leaf results in relatively greater growth on that side, causing 
a local thickening of the leaf and a downward curvature. Callus 
or root formation on the leaf-stalk, if occurring at all under these 
conditions, is slight or late in developing. If, however, the under¬ 
side of the mid-rib is treated, the leaf-stalk swells, and on the sides 
of the stem lying beneath the leaf pair a callus is produced, followed 
by a line of rootlets. On the other sides of the stem neither callus 
nor roots appear. With a less concentrated paste, the rootlets are 
formed more slowly, principally at the upper end near the callus. 

® Cornell Univ. Agric, Exp. Sta. Mem.t 1934, No. 163, 27 pp .; A., 1934,1419. 

*0 Flanla, 1935, 28, 289; A., 905. 

Ber. dcut. hot. Gcs., 1936, 58, 469; A., 1039. 

1* Ibid., p. 496; A., 1038. 
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When steins are placed horizontally, roots are formed principally 
on the under side. From these and numerous other results Laibach 
suggests that the root-stimulating substance moves axially within 
the plant tissues, mainly through the large conducting vessels. 
Transverse movement is probably a much slower process. Hetero¬ 
auxin thus appears to possess the cell-elongating influence formerly 
attributed to auxin-^, together with a root-initiating power. Which 
of these two functions becomes dominant depends on the conditions 
of the experiment, the manner of application, and the quantity of 
the growth-substance concerned. Thimann compares the root¬ 
forming properties of indole-3-acetic acid with those of the root- 
hormone previously examined and concludes that the growth- 
promoting and the root-forming substance are identical. A. T. 
Czaja differentiates between the action of growth substance on 
decapitated stems when applied in the direction of normal movement 
within the plant (axially), and when applied transversely. The 
former leads to lengthening but no thickening of the stem, the 
latter restricts stem growth and induces a widening and possibly 
shortening of the cells and thickening of the stem below the point of 
application. The latter is explained as the result of an antagonism 
between the natural and the induced stream of growth-substance 
within the plant. Positive curvature may be induced by transverse 
application of a concentrated preparation of growth-substance 
and is attributed to partial transverse streaming. Czaja holds 
that the primary function of the growth substance is the stimulation 
of cell elongation but not of division, and that the latter, when it 
occurs, is a secondary effect resulting from localised disturbance of 
the polarity of the plant system. The growth substance is assumed 
to polarise plant cells. According to Laibach (Zoc. cit.) high con¬ 
centrations of growth substance cause positive curvature of stems 
through cell injury in the treated tissue. 

From the physiological viewpoint the activities of growth hor¬ 
mones appear to have been somewhat clarified, although opinion as 
to the mechanism of their action is still divided. It is, however, 
not yet clear, on chemical grounds, why the auxins and hetero¬ 
auxin should possess such functional similarities. 

Possible Constitutional Specificity of Growth Substances .—It has 
been anticipated by a number of workers in this field that the activity 
of these substances might be associated with some particular mole¬ 
cular structure or with a specific grouping of atoms within the 

K. V. Thimann and J. B. Koepfli, Nature^ 1936, 13d> 101; A., 418* 

K. V, Thimann and F. W. Went, Proc. K. Ahad. Wetensch. Amsterdam, 
1984, 317, 467; A., 1934, 1418. 

Ber. deui. boU Qes,, 1935, 63, 197, 221, 478; A., 672, 1039, 
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molecule. Physiological activity was thought to be related to the 
position of the unsaturated linking. Hydrogenation of auxin-Jl 
leads to complete loss of hormonal activity, as also does esterification. 
Heteroauxin similarly loses its activity on hydrogenation, but 
certain esters and a number of simple derivatives are active, although 
possessing potencies less than that of the parent substance. 
Relationships between constitution and growth-regulating properties 
are, however, not yet very clear. For instance, Kogl finds that 
the activity of esters of indole-3-acetic acid varies in the order 
Me > Et > Pr® > Pr^. Among chemically related substances 
examined, Kogl demonstrated the activity of : 

1- Methylindole-3-acetic acid (ethyl ester inactive). 

2- Methylindole-3-acetic acid (methyl ester inactive). 

5-Methylindole-3-acetic acid (methyl ester active). 

Indole-3-pyruvic acid. 

Indole-3-a-propionic acid. 

On the other hand, the following proved inactive : 

Dihydroindole-3-acetic acid. 

2-Ethylindole-3-acetic acid. 

2 :5-Dimethylindole-3-acetic acid. 

Z- and r-Indole-3-lactic acids. 

Indole-2- and -3-carboxylic acids. 

Indole-3-p-propionic acid. 

A. E, Hitchcock increased the list of active substances by the 
addition of indole-3-n-propionic, phenylacrylic, and phenyl- 
propionic acids, with the aid of which he induced root-initiation, 
bending and intumescence of stems, and epinasty of leaves. 
Although these experiments may not be dealing with quite the 
same phenomena, they recall earlier work of Zimmerman and others 
of the same institution, in which exposure of plants to appropriate 
concentrations of carbon monoxide checked stem elongation, caused 
leaf epinasty, and induced the development of axial buds and of 
adventitious roots. Similarly ethylene, propylene, butylene, 
and acetylene were found to cause epinasty in intact or excised 
petioles and by repeated treatment produced root formation on 

Z, physiol, Chern,, 1935, 236, 181, 201; A,, 1361. 

Loc. cit., also F. K5gl, A. J. Haagen-Smit, and H. Erxleben, ibid., 1934, 
228, 90; A,, 1934, 1418. 

CorUr. Boyce Thompson Inst,, 1936, 7, 87; A,, 796. 

P. W. Zimmerman, W. Crocker, and A. E. Hitchcock, ibid., 1933, 8, 1, 
196; B„ 1933, 726; A,, 1933, 437. 

W. Ci'ocker, P. W. Zimmerman, and A. E. Hitchcock, ibid., 1932, 4, 
177; A., 1932. 890. 

Idem, ibid,, 1933, 6, 361; B., 1933, 1027. 
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stems and curvature in roots. Becently F. W. Zimmerman and 
F. Wilcoxon 22 have shown that a- and p-naphthyl-, acenaphthyl-5-, 
phenyl-, fluorenyl-, and anthracyl-acetic acids, indolebutyric acid, 
and a-naphthylacetonitrile exhibit the general physiological 
activities of growth substances. The close similarity between the 
effects of ethylene and of growth substances on plants is discussed in 
a further paper in which the significance of observations of the 
emanation of gas resembling ethylene from certain plant tissues 
is emphasised. In this connection the action of growth substances 
in increasing these emanations from treated plants (Zimmerman 
and Wilcoxon, loc. cit,) is worthy of note. 

Such investigations widen our conception of growth-regulating 
substances to an almost bewildering extent. The hitherto popular 
belief in specific regulatory action becomes increasingly difficult 
to maintain. On the other hand, it may be questioned whether the 
so-called growth substances are really the active agents, or whether, 
within the plant system, they may give rise to other regulatory 
agents, not yet isolated, among which the anticipated specificity 
may yet be established. The work of the Boyce Thompson Institute 
seems to point to ethylene as being likely to be concerned in this 
respect. The experimental difficulty of subjecting plants to the 
action of ethylene under conditions comparable with that of the 
various growth substances has been pointed out, and tends to 
retard the elucidation of closer relationships. 

Growth Substances and the Lower Organisms .—Continuing his 
earlier work,-^ W. H. Schopfer now shows ^ that the thermostable 
auxin-like factor isolated from wheat germj^"^ rice polishings, 
urine,and flower stamens,^ which promotes vegetative growth 
and zygote formation in Phycomyces, may be synthesised by the 
organism itself, provided that vitamin-is supplied in the nutrient.®^ 
That the growth factor itself is not vitamin-jBi is shown by its 
ability to activate yeast and its relative insolubility in chloroform.®® 
This auxogenic action of vitamin-.Bi is apparently favoured by a 
generous supply of nitrogen in the nutrient medium and is most 

Contr, Boyce Thompaon Inst, 1936, 7, 209. 

W. Crocker, A. E. Hitchcock, and P. W. Zimmerman, ibid.^ p. 231. 

** F. E. Denny and L. P. Miller, ibid.y p. 97; A., 1179. 

Ann. Reportsy 1934, 81, 366. 

Compt. rend., 1934, 199, 1666; A., 1936, 156. 

Arch. Sci. phys. nat., 1934, [v], 16, Suppl., 47, 165; A., 1936, 663. 

Arch. MikrobioL, 1934, 6, 602, 611; A., 1935, 534, 

Arch. Sci. phys. nat., 1934, [v], 16, Suppl., 200; A., 1935, 786. 

’’o Tbid., p. 169; A„ 1936, 663. 

31 Co7npt. rend., 1935. 200, 1965; A., 1027. 

^ Arch. Sci. phys. nat., 1936, [v], 17, Suppl., 66; A., 1289. 
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marked at 7*0—7*2.Synthesis of growth substance by the 

auxoheterotrophic Phycomyces in vitamin-free media may bo 
initiated by inoculation with extracts of cultures grown on active 
media, or with cultures of auxoautrotrophic organisms, Mucor- 
imce, on vitamin-free media. Both sources can also stimulate 
^east cultures.Spores of Phycomyces apparently contain sufficient 
of the growth factor for germination, but external activation is 
rjecessary for further development.^^ 

Further examination of the growth substance of yeast is recorded 
by R. J. Williams and D. H. Saunders.^^* A more highly purified 
pieparation of pantothenic acid is obtained and its activity 
shown to be intensified by the preseiu^e of bios I (inositol), and of 
vitamin-i^i, minute amounts of the latter producing very marked 
effects. Pantothenic acid is regarded as tlu^ principal constituent 
of bios. It appears also to be (dosely related to biotin,’' isolated 
from bios 11 from yeast and from egg yolk by Kbgl.^ Biotin is 
regarded in some quarters as the acttive agent stimulating cell 
division. A. J. Salle and R. W. Dunn describe a growth factor, 
isolated from rice bran, which stimulates growth and the production 
of acid and gas from carbohydrates by a number of species of 
bacteria. Organisms which do not ferment carbohydrates are 
unaffected in any way by this factor, which is probably pantothenic 
acid. Nodule organisms also contain pantothenic acid, which 
appears to pass from the bacteria into the host plant, the growth of 
which is also influenced. The acid does not affect the actual fixation 
of nitrogen directly, but is an important secondary factor as a 
result of its action on carbohydrate anabolism.^® That the active 
principle of bios is freely distributed in the animal world and is 
particularly concentrated in the kidneys and in tumour growths 
is shown by C. Dittmar.^^ 

Hardiness and Drought Resistance in Plants, 

The chemical and physical changes occurring during the freezing 
of plant tissue have formed the subject of considerable enquiry in 

Arch. MihroUol., 39.34, 6, 502, 511; A., 1935, .534. 

Ibid., 1935, 6, 196; A., 1167. 

Ber. deut. hot. Ges.. 1935, 53, 466; A., 1039. 

3« Biochem. J., 1934, 28, 1887; A., 1935, 124. 

3’ Ann. JReporU, 1934, 31, 365. 

38 Ber., 1935, 68, [A], 16; A., 418, 

38 Proc. Soc. Exp. Biol. Med., 1934, 32, 168; 1935, 32, 939; A., 1935, 408, 
1419. 

*8 C. H. McBurney, W. B. Bollen, and R. J. Williams, Proc. Nai. Acad. Sci., 
1935, 21, 301; A., 1167. 

Biochem. Z., 1935, 279, 99; A., 1165. 
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recent years, more especially since it has been recognised that the 
part played by manurial treatment in modifying the frost resistance 
of plants is a very definite one. Among others, F. Schaffnit and 
A. F. Wilhelm,working with stored potatoes, tomatoes, and 
various cereal crops, confirm a number of earlier observations that 
generous manuring with potassium salts increases cold resistance 
and further demonstrates that growth in nitrogen- or phosphate- 
deficient soils produces a somewhat similar effect. Possible 
correlation between frost resistance and the concentration of cell 
saps is also examined. Although the sugar content of saps tends 
generally to be high in more resistant samples, no definite relation¬ 
ship is apparent. Neither the reaction of the sap, its dry matter 
content, nor its osmotic pressure seems to be an influential factor in 
this respect. It is also shown that freezing for a short time at a 
very low temperature produces effects different from those resulting 
from exposure to milder freezing for a longer time. Similar results 
are recorded by A. Anderson and T. A. Kiesselbach,^^ with the 
further observation that in wheat plants the rates of fall and of 
subsequent rise in temperature contribute materially to the severity 
of the injury produced. In a later publication Wilhelm,using 
rape and spinach plants, and following up earlier indications that 
cell protein was the seat of cold injury, compared the protein content 
of plants in relation to hardiness, but failed to establish that the 
two factors were interdependent. The freezing of plant proteins is 
shown by Tadokoro and Joshimura^^ to result in an increase in 
amino- and amide-nitrogen, histidine and arginine, and a decrease in 
tyrosine fractions. Wilhelm {Joe. cit.) indicates, however, that no 
parallelism exists between i)rotein breakdown and frost resistance. 
It is suggested that the effects of manuring on hardiness appear 
more likely to be related to variations induced in the phosphatide 
content. The favourable effect of potash manuring is attributed in 
part to its action in increasing sap concentration and in part to a 
more specific effect on the physical condition of the cell colloids. 
It is further recorded that the decline in sugar content during 
exposure to cold is slower in nitrogen- and potassium-deficient 
plants than in those more adequately nourished. A possible 
protective action of sugar against injury to cell contents is indicated. 
In this connection the observation of K. Boning and E. Boning- 
Seubert that deficient salt nutrition tends to lower the sugar 

« Phytopath. Z., 1033, 26, 260; B., 1933, 643. 

J. Amer, Soe, Agron., 1934, 26, 44; B., 1934, 418. 

Phytopath. Z., 1936, 8, 111; B., 1061. 

J. Fac. Agric. Sapporo, 1928, 25 (cited by Wilhelm), 

*« Biochem. Z., 1934. 270, 122; A., 1936, 708. 
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content of plants is significant. The influence of sugar on frost 
resistance has also been investigated by Newton and colleagues,*’^ 
who show that freezing (at — 7®) of the expressed juice of un¬ 
hardened wheat plants results in the precipitation of proteins, the 
extent of which is lowered by additions of sucrose or glucose in 
amounts up to 8% of the juice. The “ salting-out ” of proteins 
and their coagulation by acids or bases are also restricted by the 
presence of sucrose. On the other hand, removal of electrolytes 
from the juice (by dialysis) increases the amount of protein precipit¬ 
ated by freezing. In a subsequent publication these effects are 
shown to be accompanied by an increase in amino-nitrogen and in 
the sensitivity of the protein to hydrolysis by alkali. Again the 
changes are lessened by additions of sugar. The opinion is expressed 
that protein degradation in hardened plants is due to frost action 
and is not a protective adaptation. 

If sugar is to bo regarded as a protective agent against injury by 
cold, the respiratory exchange at low temperatures, in so far as it 
affects sugar contents, might be expected to show some relation¬ 
ship to hardiness. On this point R. Newton and J. A. Anderson 
report that the respiration rates of spring and winter wheats in the 
pre-hardened condition are identical. As hardening proceeds, 
however, the rates decline, those of the hardier winter varieties 
reaching a lower level than those of spring tjrpes. The catalase 
activity of wheat leaves, examined in autumn, is found to be closely 
related to the winter hardiness of different varieties.^® In the course 
of a general investigation of this subject S. T. Dexter reports that 
the respiration rates of wheat and cabbage seedlings stored at 2° 
decrease continuously irrespective of their relative hardiness or the 
extent of the increase in their sugar contents. The oxidase activity 
of plants is not affected at this temperature. Catalase activity in 
cabbage is also unchanged whether plants are hardened in light or in 
darkness. Under both conditions the degree of hardening is con¬ 
siderable. The catalase of the wheat plants at 2° increases in dark¬ 
ness but decreases in light. It is concluded that neither respiratory 
rates nor enzjonic activity can be directly associated with the 
hardening process. Dexter also confirms that, whereas cabbage 
and winter cereals having low nitrogen and high carbohydrate 

R. Newton and W. R. Brown, Canadian J. Res.y 1931, 5, 87; A., 1931, 
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** R. Newton, W. R. Brown, and J. A. Anderson, ihid.y p. 327; A., 1931, 
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contents harden satisfactorily at 2®, high-nitrogen wheat fails to do 
so at this temperature. He also shows that increases in soluble 
nitrogen in the plants follow low-temperature storage whether 
hardening occurs or not. Thus, while there is a general association 
between hardiness, low respiration rates, high sugar (;onteiit, and 
increased soluble nitrogen, it cannot be said that the last-named 
three factors, individually or collectively, are essential character¬ 
istics of hardiness. 

The balance of ‘‘ free ” and “ bound ’’ water in plant colloidal 
systems has, from time to time, been suggested as a basis for the 
consideration of frost resistance. Using calorimetric^ methods for 
determining the extent of ice formation in plant tissues, Dexter 
has re-examined the problem from this point of view. Repeated 
freezing and thawing (at intervals) of crowns of wheat plants shows 
that water separated from the cjolloids as ice during freezing is not 
completely reabsorbed on subsequent thawing, i.c., the process is 
not c^omplc^tely reversible. A repetition of the freezing process 
results in the formation of a larger amount of ice. As the plants 
harden in the field, the difference between the amounts of unfrozcui 
water at the first and second and subsecpient freezings steadily 
declines. There is, therefore, a steady approach to complete 
reversibility of ice formation with increasing hardiness. The 
proportion of bound (unfrozen) water in the plant tissue falls as the 
temperature of freezing is lowered, presumably as the result of the 
freeing ” of bound water. The proportion of unfrozen water in 
hardy varieties is greater than that in more tender plants. On the 
other hand, the amount of unfrozen water per gram of dry matter 
at the first freezing ( — 7°) is higher in unhardened plants, but 
differences between hardened and tender plants in this respect 
practically disappear at a second freezing. It is implied that, 
although hardening does not definitely increase the hydration of 
plant colloids, the condition of hydration is made a more stable one. 

As the hardening of wheat plants proceeds, there is a steady 
decrease in the amount of extractable electrolytes in the crown and 
root tissues, and in the concentration of salts in the unfrozen water, 
values for hardier varieties being somewhat lower throughout. 
This observation falls into line with the influence of manuring on 
hardiness in so far as low levels of nutrition induce low soluble-salt 
concentrations in the plants. It is also significant that nitrogen- 
deficient plants exposed to low temperatures in darkness showed the 
characteristic decrease in electrolylie content and became hardened, 
but high-nitrogen plants under the same condition neither hardened 
nor showed a loss of soluble salt content. Conditions in lucerne 
w Plant Physiol, 1934, 9, 601; 1936,10, 403; A,, 1936, 266. 1288. 
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roots appear to be somewhat different. For example, the per¬ 
centage of dry matter does not increase during exposure to cold and 
there is no decrease in the soluble electrolyte content. Nevertheless 
the salt concentration of the unfrozen water in hardened plants is 
less than that of unhardened controls, although the difference is 
less definite than in the case of wheat. This is perhaps to be 
associated with the fact that a much greater degree of hardness 
(i,e., resistance to lower temperatures) is attainable in wheat than 
in lucerne, H. M. Tysdal,^^ in an examination of lucerne, records 
that diastatic activity of leaves is unrelated to hardiness, but that 
roots of the hardier varieties are enabled to accumulate relatively 
more sugar in the autumn. An examination of wheat leaves 
following low-temperature exposure reveals a general increase in 
the osmotic pressure and in the total dry matter and sugar contents 
of the sap. Differences in these values for varieties of different 
hardiness are, however, small. Although the general trend in 
important changes during hardening may be indicated by the leaves, 
comparison with Dexter’s work suggests that the elucidation of 
the chemistry of frost resistance is to be sought in the crown and 
root system. 

Much less detailed attention has been given to the problem of 
drought resistance, but there is evidence that here again the bound 
water of the plant system is a vital factor. R. Newton and W. M. 
Martin^® have established a cryoscopic method for determining 
the bound water in colloidal systems by the aid of which they show 
that in wheat and in grasses the bound water content of the expressed 
sap of leaves is a satisfactory measure of the adaptability of the 
plants to drought conditions. That drought resistance may be 
influenced by manuring is indicated by N. L. Udolskaja,®"^ who 
records that treatment of black-earth soils with sodium phosphate 
in conjunction with calcium nitrate increases the water-retaining 
capacity of certain plants and permits a suitable, though reduced, 
water balance to be maintained during the dry season. The bene¬ 
ficial effects of phosphate manuring in this respect are also reported 
by Antonov et al.^^ and by S. P. Molchanov and A. A. Shirshov,^® 
who find that, although chemical fertilisers do not affect the general 
course of water-evaporation curves of plants and that potassium 

J. Agric. Rea,, 1934, 48, 219; B., 1935, 644. 
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salts do not aiFord any protection against drought, nitrogenous and 
phosphatic fertilisers tend to lower the water consumption per 
unit of dry matter produced by the plants. R. P. Williams 
confirms the elFect of moderate supplies of phosphates on transpir¬ 
ation ratios, but shows that the action of phosphate is a limited one. 

Carbohydrate changes are also concerned in the conditioning 
of plants to resist drought. Drought-hardening may be effected by 
maintaining plants with a lowered water supply until the leaf tips 
begin to die back. During this period I. M. Vassiliev and N. G. 
Vassilieva observe a steady increase in the monosaccharide, a 
variable change in the sucrose, and, after a preliminary fall, a con¬ 
siderable and sustained rise in hemicelhilose content. Subsequent 
watering of the treated plants results in a delayed increase in the 
sucrose content to values which ultimately exceed those in untreated 
controls. Plants thus conditioned have a permanently lowered 
water content. It is also recorded that drought resistance may 
be increased by soaking partly germinated seeds in twice-molar 
solutions of sugars for 6 days. 

Thus, while much yet remains to be investigated, it would appear 
that the water relationships of plant colloids are a dominant factor 
in both' frost- and drought-resistance. Carbohydrate materials 
represent important agents protecting the colloidal system from 
physical denaturation and probably also, in the case of frost resist¬ 
ance, from chemical decomposition in which protein constituents 
are largely concerned. 

Plant Nutrients. 

Nitrogen .—A considerable proportion of a wide literature con¬ 
cerning plant nutrition is occupied with the question of nitrogen. 
In a number of papers dealing with the complex problem of the 
comparative values of nitrates and ammonium salts for this purpose, 
the influence of the level of supply of other nutrient materials 
receives rather more prominence this year. The utilisation of 
ammonium salts by the cotton plant under acid conditions is 
shown by V. S. Ivanova to be favoured by the presence of calcium 
chloride or sulphate but adversely affected by that of magnesium 
chloride or sulphate. Salts of potassium do not affect the intake of 
either ammonia or nitrates under acid conditions but increase 
that of nitrate from neutral media. In spite of the influence of 
these other nutrient materials the relative assimilation of the two 

Austral J. Exp. Biol, 1935, 18. 49; A., 795. 

Bull Acad. Sci. U.S.8M., 1934, 1340; A., 1935, 796. 
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forms of nitrogen still appears to depend mainly on the reaction of 
the substrate. As a complementary observation to the above may 
be cited the restriction of the intake of potassium in the presence 
of sodium nitrate.®* According to I. G. Dikusar the beneficial 
effect of ammonium chloride on the growth of flax in sand cultures 
is increased by raising the concentration of calcium and magnesium 
in the nutrient. In agreement with Ivanova’s observations (above) 
a high proportion of magnesium without adequate amounts of 
calcium is shown to produce adverse effects. Ammonium-nutrition 
tends to lower the base (notably K) and increase the phosphate 
contents of plants, whereas nitrates have the opposite effect. 
Working with sugar beet, A. V. Vladimirov compares the influence 
of chlorides and of sulphates on the utilisation of nitrogen in sand 
cultures. With nitrogen supplied as ammonium salts, chlorides 
produce the higher yield of beet, but with nitrates the best results 
are obtained by use of sulphate-containing nutrients. With increas¬ 
ing concentrations of ammonium salts in media having 4-5 and 
6*5 there is a steady rise in the nitrogen content of the crop whether 
sulphate- or chloride-nutrients are used. The effect is reversed in 
media having 8 * 2 . The soluble-nitrogen content of the beet is 
increased by potassium chloride but lowered by the sulphate. By 
raising the level of supply of potassium in either form, the total 
nitrogen and sugar content of the plants is increased in nutrients 
of jpH 4-5 and 8*2 but unaffected by those having p^ 6*5. The per¬ 
centage of sugar in beet from nitrate media is higher when sulphates 
than when chlorides are given. At all pn levels potassium salts 
increase the chlorophyll content of leaves of plants grown in ammon¬ 
ium-media. The individual effects of differences of reaction and 
of the composition of other solutes present tend in general to be 
superimposable. Another instance of this generalisation is afforded 
by S. F. Trelease and H. M. Trelease,®"^ who show that the growth of 
plants tends to lower the pn of nutrient solutions in which the 
NO 3 : NHg ratio is low and to increase the pa when the ratio is 
high. Suitable adjustment of the ratio forms the basis of a method, 
devised by these authors, for preparing media which, in use, retain 
the initial p^ for a number of days.®® 

Potassium .—^Further evidence is recorded of the comprehensive 
character of the various effects of potassium in the intake and 

“ J. Mikulowski-Pomorski and J. Salcewioz, Bocz. Nauk. roln. lean., 1934, 
31, 116; B., 1035, 966. 

“ Lenin Acad. Affric. Sci. Oed. Inst. Pert., 1934, No. 3, 67; A., 1935, 1178. 

“ Ibid., 1934, No. 3, 104; B., 1935, 868. 

Amer. J. Bot., 1935, 28, 620; A., 1178. 
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utilisation of otlier nutrients. In connection with the manuring 
of cereals it is shown that potassium sulphate increases the total- 
and phytin-phosphorus and protein content of wheat, although in 
the matured plants the amount of potassium in the tissues is not 
greatly affected.®® The reciprocal effects of potassium and nitrogen 
on the assimilation, transpiration, and chlorophyll content of rye 
are examined by G. Gassner and G. Goeze.'^® Maximum assimilation 
occurs with moderate nitrogen supplies and small proportions of 
potassium, or with excessive nitrogen and high potassium supplies. 
With adequate amounts of potassium, increasing supplies of nitrogen 
increase assimilation and transpiration, whereas in potassium 
deficiency the reverse occurs. Under both sets of conditions the 
chlorophyll content of the plants is increased. According to G. 
Rohde the action of potassium in increasing aerobic and retarding 
anaerobic respiration in plants is related to its ability to improve 
the distribution of iron within the system. In tomato plants 
insufficiency of potassium lowers the ash content of the dry matter 
and increases the proportion of calcium, magnesium, and phosphorus 
therein.The question of the possible replacement of potassium 
by other bases in respect of its function within the plant continues 
to be a subject of investigation. A. G. McCalla provides further 
confirmation that in the wheat plant potassium deficiency may be 
partly counteracted by a suitable supply of sodium. M. Korezewski 
and F. Majewski indicate that the sodium requirement of oats 
in relation to dry matter production varies considerably with 
the season, values ranging from 22 to 74% of the requirement of 
potassium. Although the growth of plants is greatly influenced 
by the supply of sodium, the amount remaining in the plant at 
maturity is very small, none occurring in leaves. A number of 
attempts to discover whether rubidium, caesium, or lithium can 
play the part of potassium in the plant system have in practically 
all cases shown negative results.'^^ Rubidium is taken up by 
plants and tends to modify mineral metabolism. Only in one 
instance is it shown that potassium can be partially replaced by 

*’ L. Marimpietri, Ann. R. Staz. Chim, Agrar. Rperim., 1934, 14, No. 313; 
R., 1935, 73. 
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rubidium, in the marine diatom WitzacMa dosteriumP^ K, 
Scharrer and W. Schropp record stimulative effects of small 
concentrations of lithium, but there is no evidence that the action 
of the base bears any resemblance to that of potassium. 

Secondary Nutrients .—A number of workers record beneficial 
effects on plant growth of mixtures of the secondary or micro 
nutrients added to water-culture media, in comparison with those in 
which highly purified salts have been used to provide the major 
nutrients. The elements commonly shown to exert secondary 
effectts include co})per, aluminium, manganese, zinc, boron, fluorine, 
and iodine. In the case of flax, A. P. Schtscherbakov shows that 
such a mixture of nutrients not only increased the total growth, but 
caused greater chlorophyll accumulation, increased the percentage 
of calcium and magnesium in tlie dry matter of leaves, and decreased 
that in the stems. Differences in the distribution of mineral matter, 
notably calcium and magnesium, in the plant due to the presence of 
the “ micro-’’elements are attributed to differences in the form of 
(combination in the tissues. Organic compounds predominate in 
the presencie, and inorganic compounds in the absence, of these 
elements. R. S. Young,working on somewhat similar lines and 
using green alga^ as test plants, reports that no relationships are 
apparent between the toxic or stimulative action of a number of 
the rarer elements in soils and the oxidation-reduction potential 
of the growth media. 

Among more detailed examinations of the individual elements 
may be (uted those dealing with the function of manganese in plant 
growth. In certain Conifercey N. C. Nag observes a marked 
increase in manganese content during the formation of the female 
flowers. Cones also have a relatively large proportion of manganese. 
K. Scharrer and W. Schropp show that, in sand cultures of cereals, 
replacement of the customary amounts of iron in the media by 
manganese (up to 50%) tends to increase root production at the 
expense of shoot growth. Complete replacement prevents growth. 
The intake of manganese by wheat seedlings is apparently influenced 
to a large extent by the nature of the anions present, as well as by 
the reaction of the medium. 

Interdependence of the copper and iron functions in plants is 
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indicated by L. G. WilliH and J. R. Piland,®® who record that 
accumulations of iron in maize plants grown under certain conditions 
and formerly ascribed to deficiency of potassium, may be corrected 
and the crop yield increased by application of copi>er sulphate to 
the soil. Further,®^ in orange trees suffering from a form of chloro¬ 
phyll deficiency, treatment with copper salts produced a marked 
increase in chlorophyll production, although no copper actually 
accumulated in the leaves. 

The ill effects of boron deficiency on growth and disease in plants 
have been sufficiently emphasised in recent years to render the 
treatment of soil with boron compounds a matter of practical 
agricultural interest. The action of borax and boric acid on dry rot 
or heart rot in sugar beet figures prominently in this comiection. 
Whether boron deficiency is the direct cause of the disease or is a 
contributory factor increasing susceptibility to external attack, is 
still debated in some quarters. The present trend is towards the 
view that heart rot is a boron-deficiency disease and not a microbial 
infection.®^ G. Wimmer and H. Ludecke ®® indicate that soil 
applications of boric acid may improve crop yields and sugar returns 
without decreasing liability to dry rot. The incidence of the 
disease is decreased by any condition which retards leaf growth. 
Assimilation of boron by plants appears to be heavily restricted by 
soil alkalinity,®'^ and it is in these conditions that heart rot is par¬ 
ticularly severe.®® Boron is also shown to stimulate the germination 
of pollen grains,®® to correct the toxic action of heavy metals, 
c.g., of excessive amounts of iron,®® and in some cases to influence 
the level of nitrogen intake by plants.®^ 

The action of zinc in preventing or correcting certain diseased 
conditions in plants has been noted in a number of papers, e.g., in 
correcting “ bronzing ’’ in tung trees ®2 and “ white bud ” in maize.®® 
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J. Dufrenoy and H. S. Reed conclude that zinc and iron have a 
specific effect on assimilation processes. This may be related to 
the observation of T. Thunberg that zinc (and also cadmium) 
influences oxidation-reduction processes in plant materials. 

Biochemistry of Moulds. 

In the period elapsing since the last reference to this subject in 
these Reports a very considerable amount of research has been 
recorded. Although no spectacular achievements have appeared, 
the steady advance in our knowledge of the nutrition and metabolism 
of the moulds necessitates notice here. 

Mineral Nutrition .—The intake of bases by A. niger is examined 
by E. Rennerfelt,^^ who shows that the course of intake of minerals 
depends not only on the permeability of the tissues and on the actual 
and relative concentrations of the different ions in the substrate, 
but also on the capacity of the cells to accumulate individual ions. 
Under normal conditions spores contain larger amounts of cations 
than does the mycelium. The ease of intake is in the general order 
K* > Mg‘* > Na*. Antagonistic effects are shown by both calcium 
and magnesium in respect of potassium. According to E. I. 
Sotnikov,®’ magnesium appears to have a specific effect in increasing 
the growth and citric acid production of A. niger, but this effect is 
observed only when the base is supplied as nitrate. Rossi,on the 
other hand, regards magnesium supplied as sulphate as having a 
favourable influence on, without being essential to, the growth of 
the mould. In another paper,the same author records magnesium 
sulphate in certain media as actually causing a decrease in dry 
matter production. Certain moulds appear to be highly sensitive 
to injury by magnesium, and it is notable that in a number of such 
cases the addition of calcium salts to the nutrient counteracts 
magnesium toxicity.^ Strontium can, at least in part, replace 
calcium in this effect, which is attributed to the influence of the 
bases on colloidal phenomena in the tissue. Apart from its nutrient 
function, calcium can also influence the growth of A. niger by 
activating the utilisation of carbohydrates in potassium-deficient 
media.^ C. Pontillon ® also shows that potassium may be partially 
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replaced by sodium or magnesium in its physiological activity 
within the fungal system. The ill effects of inadequate supplies 
of potassium on the carbohydrate metabolism of A. niger are 
accompanied by an accumulation of ammonia in the mycelium and 
the appearance of considerable amounts of oxalic acid in the 
substrate,^ 

The effects of the so-called “ secondary ” nutrients continue to 
receive attention. The essential character of zinc for the growth of 
A. niger, recognised for some years, is further investigated by 
G. Lohmann,^ who makes quantitative measurements of relationships 
between dry matter yields and the concentration of zinc in the 
nutrient. Zinc-growth curves thus obtained have much in common 
with those for nitrogen and phosphate. The toxicity of relatively 
high concentrations of zinc is dependent partly on the actual con¬ 
centration and partly on the nature and relative proportions of 
other substances in the medium. The action of zinc on the growth 
of the fungus is paralleled by that on the invertase activity, although 
the optimum zinc concentrations for the two functions are not the 
same. The maximum accumulation of citric and gluconic acids by 
A, niger is associated with specific concentrations of zinc sulphate, 
which vary somewhat according to the particular strain used. It 
is shown that zinc influences the respiratory activity of the organism 
and its ability to utilise sugar.® Observations of V. S. Butkevitsch 
and S. A. Barinova ’ show that in the large-scale manufacture of 
citric acid by A . niger yields are increased by additions of zinc salts 
to media used for inoculation cultures, but not by direct admixture 
with the sugar mash. 

The influence of iron and other nutrients on acid production by 
moulds is considered in the section dealing with acids. Extensive 
consideration of the requirements of A. niger in respect of iron, 
zinc, copper, and manganese is given by R. A. Steinberg,® and 
K. Pirschle ® presents a systematic examination of the efiFects of 
a wide range of nutrient and other inorganic acids and bases on the 
growth and sporulation of this organism. 

Nitrogen Nutrition of Moulds .—Many recent investigations of the 
influence of various sources of nitrogen on the growth and metabolism 
of moulds deal with comparisons of nitrates and ammonium salts for 
this purpose, and the close relationship between carbon and nitrogen 
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metabolism is frequently emphasised. For instance, H. Hardtl 
shows that during the most active growth period of A . niger, the 
steady increase in the absolute nitrogen content of the culture is 
accompanied by a decline in the percentage of nitrogen, the relative 
changes being dependent on the proportions of carbon and nitrogen 
supplied. Increasing amounts of sugar in the nutrient accelerate 
growth and intensify respiratory activity. Appreciable formation of 
citric acid, however, occurs only with low levels of supply of nitrogen. 
As a result, in high-nitrogen cidtures, acid production is delayed 
until the nitrogen source has been largely utilised. The composition 
of cultures of several species of Aspergillus on ammonium- and 
nitrate-media is recorded by S. Yamagata.^^ Usually the carbon 
and hydrogen contents vary but little, but that of nitrogen is 
markedly influenced by the nature of the source of nitrogen and by 
the relative proportions of carbon and nitrogen in the nutrient, a 
low C : N ratio being associated with high nitrogen (ontent in the 
culture. Ammonium-nutrients lead to highcT proportions of 
nitrogen in the organism than do nitrate-nutrients, irrespe(^tive of 
the source of carbon. The respiratory (luotient of A. oryzee, varies 
with the nature of thcj nitrogen 8upj)ly in the order, nitrate > 
nitrite > ammonium salts, the order l)eing j)rcserved with all the 
carbon sources examined. 1). Bach and 1). Desbordes record that 
in acid glucose media A. repens reduces nitrates quantitatively to 
ammonia, which appears in the substrate, no increase in dry matter 
production taking place. This action reaches a maximum at 
Pn 4*4—5*0. In more alkaline media (p^. > 6*6) nitrate reduction is 
still high, but exosmosis of ammonia ceases and growth proceeds 
normally. The initial stage of the utilisation of nitrites by a number 
of mould species appears to be the production of ammonia (but 
never of nitrate) even in neutral or alkaline media.Relationships 
between carbon and nitrogen metabolism and the reaction of the 
medium, in the case of Fusarium lycopersici and F. Uni, are examined 
by G. Luz.^^ With ammonium nitrate as source of nitrogen, the 
first stage of growth in media having p^ 3-9 is marked by the produc¬ 
tion of organic acids and a corresponding decrease in pn* 
sequently there is a period of preferential intake of nitrate and a 
steady increase in pn to 7*5. At this point, utilisation of ammonia 
becomes dominant. With the exhaustion of the sugar supply, 
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ethyl alcohol and organic acids produced in the earlier st^iges become 
the sources of carbon and the medium becomes increasingly alkaline. 
The stages at which changes of carbon and nitrogen sources take 
place are identical. The exhaustion of sugar also coincides with a 
definite change in the ash content of the mycelium. 

The production of urea from peptone by various species of 
Aspergillus and Penicillium is also influenced by the source of 
carbon available. T. Chrzaszcz and M. Zakomorny show that, 
in general, small concentrations of glucose favour the accumulation 
of urea, but larger amounts have the reverse effect and favour the 
production of citric and oxalic acids. Ethyl alcohol and acetic 
acid invariably lower the yield of urea. It is probable that guan¬ 
idine is an intermediate product in this degradation process. The 
two changes guanidine —>- urea, and urea —ammonia are 
entirely separate functions and the effects of the various carbon¬ 
aceous materials represent the resultant of their separate actions on 
the individual stages. The observations of T. Miwa and S. Yoshii 
have a bearing on this point. A. niger and P. glaucum are found to 
produce urease as well as urea on ammonium nitrate media, or from 
protein hydrolysates, the formation of the enzyme being favoured 
by the presence of glucose. In media containing large amounts 
of ammonium nitrate, M. Lemoigne and R. Desveaux record the 
production of hydroxy famine by A, niger. 

Production of Organic Acids by Moulds. —The mechanism of the 
formation of citric acid by moulds is still a matter of controversy. 
V. S. Butkevitsch and colleagues reject the view that sugars are 
converted into citric acid through the intermediate formation 
of acetic acid.^® Citric acid formed in sodium acetate media is 
said to be derived from mycelium and not directly from the acetate, 
and the increased production of acid resulting from larger additions 
of acetate to the medium is ascribed to the strong inhibitory action 
of acetate on the utilisation of citric acid by the mould. The form¬ 
ation of citric acid and the utilisation of acetates by fungi are two 
distinct processes. The source of oxalic acid may be mycelium, the 
sugar, or the sodium acetate. In another publication ^ it is contended 
that oxalic acid is formed in the mycelium by fission of sugars 
without the intermediate production of formic acid. This is 
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contrary to the views of T. Chrzaszcz and M. Zakomorny,^! who 
postulate the decomposition of formic acid into oxalic acid and 
carbon dioxide. This theory is supported by observations of 
K. Bernhauer and F. Slanina that A. niger gives 60% yields of 
oxalic acid from sodium formate in dilute solutions. At higher 
concentrations of the formate there is considerable degradation 
to carbon dioxide and water and the yield of oxalic acid is much 
lowered. High yields (60—77%) of oxalic acid are also obtained 
from acetic, succinic, fumaric, glycollic, aconitic, and citric acids. 

In a later paper Butkevitsch explores another aspect of thi^ 
problem by examining acid production by A. niger in relation to 
mineral nutrition. The accumulation of citric acid is associated 
with a deficiency of phosphorus and sulphur or of nitrogen. Yields 
of gluconic and oxalic acids are also lowered by inadequate supplies 
of phosphorus or nitrogen or magnesium, but are increased by lack 
of sulphur. Deficiency of potassium intensifies the production of 
oxalic and, to a less extent, of gluconic acids, whereas simultaneous 
shortage of ])otasBium and magnesium causes the almost complete 
disappearance of citric acid. M. Giordani^^ records that the 
accumulation of citric acid by A. niger is lowered by the presence 
of iron salts, which tend to accelerate its oxidation to oxalic acid 
and carbon dioxide. This effect and also the inhibiting action of 
nitrogen compounds on citric acid production are said to be 
corrected by addition to the medium of a sodium citrate buffer 
The retarding influence of iron salts on the production of gluconic 
acid by several species of Penicillium is recorded by A. Angeletti 
and colleagues,-® who show that, if the amount of iron present is 
small, the ultimate yield of gluconic acid, though delayed, may 
become even higher than that in iron-free media. 

According to R. Bonnet and R. Jacquot the amount of oxalic 
acid produced by A. niger increases with the age of the culture 
when nitrogen is supplied as potassium nitrate, but none is formed 
when ammonium salts are used. In nitrate-cultures the acid occurs 
as an unutilisable by-product in amounts regulated by the energy 
balance of the culture. Citric acid is formed in spores, is trans¬ 
located to mycelium during growth, and subsequently reappears in 
the substrate during the autolysis of old cultures. 
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The respiratory exchange of A, niger is investigated by S. 
Michael.^® In glucose media with excess of calcium carbonate, the 
CO 2 : O 2 ratio is maintained approximately at unity. In the early 
stages of growth a very small proportion of the sugar is used for 
purely respiratory purposes, the majority being oxidised to gluconic 
acid. Under these (conditions the carbon dioxide output is derived 
mainly from the carbonate. In older cultures in which citric and 
oxalic acids are being f(3rmed, the respired carbon dioxide forms an 
increasing proportion of the total. In non-neutralised media the 
period of acctive formation of acid is marked by a considerable 
decrease in the respiratory quotient, which, however, again 
approaches unity at a later stage. Gluconic acid production is 
shown by E. Kardo-Syssojeva to be favoured by excess of calcium 
carbonate. Addition to the nitrogen supply results in still larger 
accumulations of the acid in acid media, but has an inhibitory 
action in the prescmce of calcium (carbonate. 

Fatty Products of Fungal Development. — Examination of the fat 
production of Penicillium javanicAm-:^^ amounting at times to 
40% of tlie dry matter of the myi'olium, shows this to reach its 
maximum at a period of about one-third of the full growth period 
(dry weight increase) of the culture. High-sugar media (30—40%) 
are necessary for optimum fat yields, whereas for optimum mycelial 
growth approximately 20% of sugar is required. The maximum fat 
yield is coincident, in point of time, with maximum titratable 
acidity in the substrate. G. E. Ward and G. S. Jamieson obtain, 
by hydrolysis of the fat, palmitic, stearic, oleic, a- and p-linoleic, and 
7i-tetracosoic acids. F, M. Strong and W. H. Peterson find the 
same acids, though in different proportions, in Aspergillus sydom, 
together with a phospholipin. The unsaponifiable fraction of the 
alcohol-ether extract consists of 60% of sterols, among which 
ergosterol is identified. The lipins of Penicillium, aurantiobruyineum 
yield a similar series of compounds.^ 

The production of lipins by moulds varies considerably with the 
conditions of culture. For instance, various species of Aspergillus 
grown on glucose-malt media produce a higher proportion of 
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L. B. Lockwood, O. E. May, and H. T. Herrick, Ind. Eng. Chem., 1935, 27, 
318; A., m2. 

J. Amer. Chem. Soc., 1934, 66, 973; A., 1934, 697. 

« Ibid., p. 952; A., 1934, 697. 

E. H. Kroeker, F. M. Strong, and W. H. Peterson, ibid., 1935, 67, 364; 
A., 636. 
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lipms and less protein matter than when grown on glucose-mineral 
salt preparations.^ In an examination of the production of lipins 
by A.fisdieriy E. A. Prill, P. R. Wenck, and W. H. Peterson show 
that different strains show variations in fat content, in the iodine 
value of the fats, and in the proportions of phospholipins and sterols 
produced. With individual strains, the following general effects 
are noted. With glucose-ammonium nitrate-mineral salt media 
an increase in glucose concentration is associated with a higher fat 
production, a decrease in sterols, and a lowering of the iodine value 
of the fatty acids. Similar e^ffects on the two last-named factors 
also result from increases in the nitrogen supply. In the range 
2-0—8-0 the fat yield increases with alkalinity. Higher temper¬ 
atures decrease fat production. Exhaustion of glucose from the 
medium is followed by a decrease in the percentage of fat and 
phospholipin, although the iodine value of the fat suffers no further 
change. 

New Substances isolated from Mould, Cultures. —The outstanding 
work of Raistrick and co-workers requires far greater space for 
adequate review than is available here, but some brief reference 
must be made to certain of the new substances which have been 
isolated, characterised, and in a number of cases synthesised in his 
laboratory, following intensive examination of mould products. 
Among the metabolic products of Fenicillium Charlesii were isolated 
cm'olic, C 9 H 10 O 4 , caroUnic, C 9 H 10 O 6 , carlic, CjoHioOe’ carlosic, 
C 19 H 42 O 9 , acids. Structurally, these acids are found to be related 
to ascorbic acid and show similarities in absorption spectra,^® 
Fenicillium minioduteum grown on a glucose medium yields minio- 
lutcic acid, identified as the y-lactone of aP-dihydroxy-Py-dicarboxy- 
n-tctradecoic acid.^^ Three pigments are isolated from the Asper¬ 
gillus glaucus series, viz., flavoglaucin, C 19 H 28 O 3 , auroglaucin, 
€i 9 H 2203 , and rubroglaucin, These pigments are 

apparently specific to the series and serve also to subdivide the 
series into three groups according to their distribution. A yellow 
pigment, fulvic acid,®® C 44 H 12 O 8 , occurs in Fenicillium griseofulvum, 
F. flexuosum, and F. brefeldianum when grown on a glucose- 

L. M. Pruess, E. C. Eichinger, and W. H. Peteraoii, Zentr. Bakt. Par., 
1934, II, 89, 370; A., 1934, 810. 

36 Biochem. J., 1935, 29, 21; A., 255. 

** P. W. Clutterbuck, W. N. Haworth, H. Raistrick, G. Smith, and M. 
Stacey, Biochem. J., 1934, 28, 94; A., 1934, 452; P. W. Clutterbuck, H. 
Raistrick, and F. Reuter, ibid., 1935, 29. 300, 871, 1300; A., 327, 662, 898. 

J. H. Birkinshaw and H. Raistrick, ibid., 1934, 28, 828; A., 1934, 927. 

« B. S. Gould and H. Raistrick, iUd., p. 1640; A., 1934, 1263. 

*• A. E. Oxford, H. Raistrick, and P. Simonart, ibid., 1935, 29, 1102; A., 
786. 
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ammomum tartrate-mineral salt substrate. Certain strains of 
As'pergillus terreus produce terrein, CgH^oOg, from glucose under 
conditions in which other strains yield only succinic and oxalic 
acids.^ 

E. Nishikawa records the isolation of mellein, CioH^gOg [identified 
as the lactone of 6 -a (or p)-hydroxypropylsalicylic acid], from 
Aspergillus melleus'.^^ Oosporin, C 10 H 4 O 2 , and aurantin are 
isolated from Oospora aurantin}^ 

Algce. 

The output of research work relating to the biochemistry of algae 
maintains a steady level, although, perhaps of necessity, it is of 
a somewhat scattered character. Nevertheless it is of interest 
to separate a brief record of recent work in this field from the rather 
overwhelming volume of publications in general plant biochemistry. 
General relationships between light intensity and the distribution, 
colour, and carbon assimilation of algae form the subject of extensive 
investigations by C. Montfort,^^ in the case of green, brown, and 
red algae, and by A. Seybold^^ in the case of submerged marine 
species. K. Lami^^ examines the distribution of marine types 
from sea-shore pools in relation to the reaction of the aqueous 
substrate and to lighting. The reaction of the water immediately 
surrounding the algae is characteristic of the species, provided there 
is adequate exposure to light, but, with insufficient illumination, 
becomes dependent on the actual light intensity. F. E. Meier 
working with unicellular green algae, shows that in many cases 
some chlorophyll is produced even in darkness, and that best 
growth is obtained with intermittent illumination. Within certain 
limits, an increase in light intensity causes a proportionate increase 
in the number of cells produced. Stichiococcus bacillaris produces 
good growth in red and infra-red lights. Chlorophyll formation in 
Chlorella vulgaris and other species is examined by G. Polacci.^’ 
In iron-free media, chlorophyll continues to be produced and 
growth is maintained if magnesium pyrrole- 2 -carboxylate is supplied. 
If magnesium is supplied in the alternative form of sulphate, 

H. Raistrick and G. Smith, Biochem. J., 1936, 89, 606; A., 662. 

J. Agric, Chem. Soc» Japan, 1933, 9, 772, 1069; A., 1934, 662, 810. 

H. Nishikawa, Proc. Imp. Acad, Tokyo, 1934, 10, 414; A., 1934, 1139. 

« Jaiirb, wise. Bot., 1934, 79, 493; A., 1934, 1273. 

Ibid,, p. 693; A., 1934, 1274. 

« Compt, rend,, 1934, 199, 616; A., 1934, 1274. 

** Smithsonian Miacell, CoU., 1934, 99, No. 6, 14 pp.; No. 6, 27 pp.; A., 
1934, 1418. 

*7 Bar. deut, hot. Gea., 1935, 58, 640; A., 1039. 
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new growth obtained has a high leucoplast but no chloroplast 
contents. The latter reappears when the pyrrole compound is 
again added. The theory is thus confirmed that the function of 
iron in relation to chlorophyll production is that of a catalyst in 
the formation of the pyrrole derivative. Temperature variations 
affect the respiration rate and carbon assimilation of algae in different 
ways,^® In Sticliococcus bacillaris, parallel effects on the two functions 
are induced. In Oocystia, the same occurs at temperatures up to 22®, 
above which respiration increases the more rapidly. On the other 
hand, temperature affects the respiration of Chlamydomonaa more 
strongly than the assimilation rate only at the lower ranges of 
temperature. 

Several papers deal with the distribution of cellulose and associated 
compounds. In a number of red and brown aJgac G. L. Naylor and 
B. Russell-Wells record 2—15% of cellulose. The separation of 

cellulose from Laminaria digilata by T. Dillon and T. Otuama 
yielded samples giving only glucose on complete hydrolysis. In 
seaweeds examined by P. Kiason there occurred 60% of cellulose, 
30% of lignin, and smaller proportions of methyl pentoses. The 
lignin is characterised by having no methoxy-groups and by possess- 
ing a hydroxyl instead of an aldehydo-group. The formula 
NH 2 *CeHa(OH)-CH 2 -CH(OH)-CH 2 *OH is suggested. The pro- 
portion of xylose : hexose is 1:1, as compared with 3 :2 in the 
higher plants. Following up earlier work, H. Cohn and E. Gueguen 
have established the presence of floridoside in many varieties of 
FhridecB, 

In an investigation of the metabohsm of calcareous algae, P. Haas 
and T. G. Hill demonstrate the presence, in aqueous extracts of 
Corallina officinalis, of hexa-acetylfloridoside and a polypeptide of 
aspartic acid. Relationships between seasonal variations of the 
floridoside and amino-nitrogen contents indicate that the formation 
of peptides is attributable to a lack of balance between the carbon 
and the nitrogen metabohsm. Seasonal variations are also traced 
in the ratio of CaC 03 : MgCOg in the incrustations of (7. 

The presence of sterols in certain algse is noted by E. Montignie.^® 

F. van der Paauw, Planta, 1934, 22, 396; A., 1936, 649. 

« Ann. BqL, 1934, 48, 635; A., 1934, 1146. 

w Sd. Proo. Boy. Dublin Soc., 1936, 21, 147; A., 660. 

Svenak Kern. Tidahr., 1936, 47, 216; A., 1434. 

« Oompt. rend., 1933, 197, 1688; A., 1934, 121. 

“ Biochem. J., 1933, 27, 1801; A., 1934, 121, 

P. Haas, T. G. Hill, and W. K. H. Karstens, Ann. Bot., 1936, 49, 609; 
A., 1178. 

« Bull. Boc. cMm., 1936, [v], 2. 194; A., 673. 
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Heilbron and colleagues,in a detailed examination of Fuc%c$ 
vesiculosus, have isolated and characterised a new sterol, fucosterol, 
C 29 H 4 gO, which filso occurs in Felveiia canaliculata and, together 
with sitosterol, in Nitella opaca. It is regarded as the characteristic 
algal sterol. In a further paper, F, vesiculosus is shown to contain 
fucoxanthin (probably a dihydroxycapsorubin) but no xanthophyll, 
and from the dead tissue, P-carotene and zeaxanthin are isolated. 
Lutein, taraxanthin, and hentriacontane occur in several species 
examined. From Nitella opaca and Oedogonium is obtained a 
phytosterolin, G.^ 5 HggOg. The algal lipins appear to be characteristic 
for each species and related to their habitat. 

A. G. P. 

A. G. Pollard. 

C. P. Stewart, 

J. Stewart. 

** I. M. Hoilbroii, R. F. Phipers, and H. R. Wright, J., 1934, 1572; A., 
1934, 1347. 

I. M. Heilbron, E. G. Parry, and R. F. Phipers, Biochem. J., 1935, 29, 
1369, 1376, 1382; A„ 1040. 



ANALYTICAL CHEMISTRY. 

DuEmG the period covered by this Report more than 1500 abstracts 
of papers concerned with analysis have appeared in British Chemical 
Abstracts, and it will at once be evident that no attempt to cover the 
whole field could be made. Physical methods of analysis, which have 
formed the subject of special monographs in the last two Reports, 
have been omitted, and other subjects such as colorimetry and 
mineral analysis must be left to a later Report. It has been con¬ 
sidered advisable in this year’s survey, however, to devote a special 
section to water analysis, which was last dealt with as a separate 
subject in the Annual Report for 1926. 

Inorgakic Analysis. 

Quantitative. 

Storage of Weights .—A subject of interest and concern to all 
engaged in accurate quantitative work, especially in view of the 
increasing use of methods dealing with amounts of material on the 
micro- and the semi-micro-scale, is the change in mass which weights 
may undergo during their storage and use. In a timely research, 
J. J. Manley ^ has investigated the nature, origin, and masses of 
the films which frequently appear on weights. The most pronounced 
films are acquired by gilded weights, and chromium-plated ones 
suffer the least change. The exceptional density of these films 
and their corroding powers have been traced to the acid character 
of the glue which is used in lining the boxes, and, occasionally, 
to the imperfect washing of the dyed velvet itself. In view of these 
findings, a simple method of storing has been worked out, in which 
these difficulties are overcome by using charcoal to absorb and 
retain any gases which may be developed, and by which the con¬ 
stancy in mass of precision weights is ensured.^ 

Conrady System of Weighing .—^In 1922, A, E. Conrady ^ described 
a method of weighing which gives an accuracy of 0 001 mg, with a 
load of 100 g., using an analytical balance of robust design with 
only slight structural modifications. The underlying principle aims 
at eliminating, by a process of cancellation, the errors involved in an 

1 Phil Mag., 1933, [vii], 16, 489; A., 1933, 927. 

® Idem, ibid., 1935, [vii], 19, 243; A., 467. 

® Froc. Boy. Soc., 1922, [A], 101, 211; see Ann. Reports, 1930, 27, 208. 



452 


ANALYTICAL OHSmSTBY. 


ordinary double weighing. W. H. J. Vernon^ again directs atten¬ 
tion to this method by describing in detail its application to routine 
work. The method appears to deserve more general consideration 
than it has received, and should be of service in determinations of 
a semi-micro nature, or even in work on a micro-scale where the 
expense and disadvantages of a micro-balance have to be avoided. 

Standards for Volumetric Analysis .—During the period under 
review, attention has been devoted to volumetric standards (see 
also Ann. Reports, 1934, 31, 295). Cyanogen bromide, which can 
readily be obtained and preserved in a condition of analytical purity, 
has been applied to the standardisation of acids, sodium thiosul¬ 
phate, and silver nitrate.^ Adipic,® salicylic,'^ and ^-cumene- 
sulphonic ® acids have each in turn been recommended as acidi- 
metric standards. R. H. Curtis® standardises hydrochloric acid 
against Iceland spar, precipitates the calcium chloride formed as 
oxalate, and uses this to standardise potassium permanganate, 
thus obtaining a direct link to oxidation-reduction determinations. 
J, W. Young also describes a method for hydrochloric acid using 
calcite. 

In this connexion it is indeed surprising that the constant boihng- 
point method for the preparation of a standard solution of this 
acid is not more widely used. This excellent method is quick, 
exact, and compares well with other accepted methods, ^^d it 
gives good results even in inexperienced hands. 

Sodium carbonate suitable for standardisation purposes is pre¬ 
pared by heating sodium hydrogen carbonate at 156—^280®, 
or at the boiling point of nitrobenzene for 100 minutes. J. Lindner 
and N. Figala prefer to heat it to constant weight at 300°, and 
state that the hydrochloric acid required for a given amount of 
sodium carbonate is, on the average, 0 006% less than the 

• Ghem. and Ind., 1934, 68, 211; A., 1934, 384. 

» M. Holler, Z. anal. Ghem., 1934, 99, 361; A., 1936, 183. 

• A. H. Meyling, J. S. African Ghem. Inst., 1936, 18, 23; A., 462; F. T. 
van Voorst, Ghem. Weekblad, 1928, 25, 22; A., 1928, 262; N. Schoorl, ibid., 
p. 73; A., 1928, 262. 

^ S. Skramovsk^, Goll. Czech. Ghem, Comm., 1933, 5, 143; A., 1933, 686. 

® D. Tischtschenko, J. Appl. Ghem. Buasia, 1933, 6, 1182; A., 1934, 267. 

• Ghem. and Ind., 1934, 58, 136; A., 1934, 380. 

Canadian Ghem. Met., 1934, 18, 218; A., 1936, 816. 

11 G. A. Hulett and W. T>. Bonner, J. Amer. Ghem. Soc., 1909, 31, 390; A., 
1909, ii, 342; W. F. Hillebrand and G. E. F. Lundell, “Applied Inorganic 
Analysis,” 1929, pp. 136, 142. 

1* G. W. Morey, J. Amer. Ghem. Soc., 1912, 34, 1027; A., 1912, ii, 986. 

1* J. Stalony-Dobrzahski, Bocz. Ghem., 1934, 14, 1106; A., 1935, 316; see 
also Hillebrand and Limdell, op. cit., p. 137. 

1* Z. mal. Ghem., 1933, 91, 106; A., 1933, 136. 
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theoretical. A new variation of normal procedure is introduced by 
L. Waldbauer, D, C. McCann, and L. F. Tuleen,^® who wash the 
anhydrous carbonate with alcohol and dry it at 110°. They find 
that it does not decompose below 450°, a temperature well above 
that required for the preparation from the acid carbonate, but 
E. Preston and W. E. S. Turner obtain a slight decomposition, 
apparently due to atmospheric moisture, on heating for a day in 
air at 400°. They recommend that the jiure carbonate for analytical 
purposes be heated not above this temperature. 

The error introduced in acidimetry by the presence of carbonate 
in standard alkali, discussed at length by T, Milobedzki and W. 
Szczypinski,^'^ varies according to the conditions of addition of 
the alkaU to the acid, and to the indicator used. They recommend 
the use of carbonate-free solutions prepared by Sorenson's method. 

A. V. Filosofov determines the titre of potassium permanganate 
solutions by means of calcium carbonate, and potassium ferrocyanide 
in the presence of sulphuric acid can conveniently be used for 
O-OliV-solutions with erioglaucin as indicator.^® According to 
W. Wesly,^^ iron prepared from the pentacarbonyl is purer than 
piano wire and is as good as electrolytic iron for this standardisation. 

In the past, much confidence has been placed in the standardis¬ 
ation of potassium permanganate by means of sodium oxalate, 
which is regarded in many quarters as one of the best fundamental 
volumetric processes available. Now, however, the usual method 
of titration has been called in question. In a critical examination 
of the subject, R. M. Fowler and H. A. Bright find that the slow 
addition of the permanganate to a hot solution of the oxalate in 
dilute sulphuric acid (2 : 98) leads to results which may be as much 
as 0*4% high when compared with other primary standards, and that 
in order to obtain satisfactory agreement with the values found with 
iron, arsenious oxide, or potassium dichromate, a modified pro¬ 
cedure, which they detail, is necessary. In view of the importance 
of this standardisation, it is to be hoped that independent con¬ 
firmation of this work will soon be made. 

Potassium dichromate is standardised by treating arsenious acid 

Ind. Eng, Chem. (Anal.), 1934, 6, 336; A., 1934, 1188. 

J. Soc. Glass Tech., 1934, 18, 182t; A., 1935, 48. 

Mocz. Chem., 1934, 14, 1088; A., 1935, 315; see also W. W. Kay and 
H. L. Sheehan, Biochem. J., 1934, 28, 1795; A., 1934, 1322. 

J. Appl Chem. Russia, 1934, 7, 1085; A., 1935, 318. 

E. J. de Beer and A. M. Hjort, Ind. Eng. Chem. (Anal.), 1935, 7, 120; A., 

591 . 

*0 Z. anal. Chem., 1933, 01, 341; A., 1933, 246. 

R. S. McBride, J. Amer. Chem. Soc., 1912, 34, 393; A., 1912, ii, 494. 

“ J, Mes. Nat. Bur. Stand., 1936, 16, 493. 
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with less than its equivalent of dichromate and finishing the titration 
with ceric sulphate or potassium permanganate, osmium tetroxide 
being used as catalyst and o-phonanthroline ferrous complex as 
indicator 

The factors which affect the standardisation of sodium thiosul¬ 
phate with potassium dichromate have been studied in detail by 
H. C. S, Snothlage.^ Reproducible results can be obtained only 
in dilute solutions, and the accuracy of the determination is affected 
by illumination, concentration of acid, and rate of addition of potass¬ 
ium iodide. With sulphuric acid these factors are less important 
than when hydrochloric acid is used. Results accurate to 0*01% 
are claimed for the procedure finally recommended. 

Limiting ratios of the weights of the reagents concerned in this 
standardisation are laid do^vn by Z. Nakai,^^ and acidirnetric 
and alkalimetric titrations of sodium thiosulphate are also 
described.^® 

The stability of aqueous solutions of this reagent and methods for 
their preservation still continue to be investigated. R. A. Kolliker 
sterilises glassware and solutions by live steam and, by maintaining 
them under aseptic conditions, obtains a change in normality of 
only 0*1% during a period of 600 days, whilst F. J. Watson^® 
preserves the titre almost indefinitely by buffering to pa 9-0—9*5; 
with O OlJf-borax; 01 A-solutions remained unchanged after 
3 years. Solutions of this concentration are imaffected in titre by 
bubbling pure carbon dioxide or oxygen through them for 2—3 
hours, according to I. Bellucci and I. Damiani,^^ who attribute a 
slow decrease in normality to decomposition by water, followed by 
oxidation by atmospheric oxygen. In dealing with the stability 
of certain volumetric solutions, E. P. Hedley finds that 0-lA^- 
sodium thiosulphate showed the same factor for approximately 
3 months, but he prefers arsenious oxide solution, prepared 
according to Kolthoff’s directions,®^ as a primary standard. 

The purification of K 2 Ti 0 (C 204 ) 2 , 2 H 20 for the preparation of 

H. H. Willard and (Miss) P. Young, Ind, Eng, Chem, (Anal,), 1935, 7, 
57; A,, 317. 

** Rec. trav. chim,, 1934, 68, 667; A., 1934, 746. 

Bvll, Fishery Exp. Sta, Qov. Gen. Chosen, 1933, D, No. 3, 1; A., 1934, 

619. 

*« A. Sconzo, Ind, chim., 1933, 8, 297; A., 1933, 477. 

Z. anal. Chem., 1932, 90. 272; A„ 1933, 41. 

J, Soc. Chem. Ind. Victoria, 1932,32,679; A., 1933, 136. 

»• Oazzetta, 1934, 64, 69; A., 1934, 619. 

Proc. VI Congr, S. Afr, Sugar Tech. Asaoc,, 1932, 6; A., 1932, 

1101 . 

** Volumetric Analysis,** II, 363, 
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iron-free solutions of titanium sulphates,and that of pure titanium 
dioxide from the tetrachloride and its use in standardising ferric 
ammonium sulphate are also described. 

There appears to be a need for a review of the whole subject 
of primary and secondary standards for volumetric analysis. A 
critical consideration of published methods by a group of experienced 
analysts should do much to clarify the whole position, and a selection 
by them of trustworthy methods and procedures would be invaluable 
to all engaged in accurate analytical work. 

Indicators .—Indicators which have been recently investigated 
must receive brief mention. They include diphenylcarbazone, 
Fe 3 [Fe(CN)g ]2 containing an excess of Fe(CN)6'",®^ diamine-fast- 
bordeaux-6BS and diamine-fast-violet-BBN,^^ o-cresolphthalein 
and dichlorofluorescein as adsorption indicators for argento- 
metric titrations, Victoria-blue-BX as an internal indicator in 
ceriometry,^® and a-naphthaflavone for the titration of arsenic 
and antimony solutions with potassium bromate.^® For the arsenic 
titration, Ponceau-3R, methylene-bluo, Bordeaux-B, safranine, 
Azure-II, chrysoidine, and saftron-yellow are all said to be more 
suitable than methyl-orange.^® 

Among many organic compounds examined, phenyl-p- and 
-m-toluidine are satisfactory oxidation-reduction indicators for 
use with dichromate in the absence of mercury salts, and naphthidine 
and a product derived from the action of ethyl sulphate on acetyl- 
diphenylamine can be used even in their presence.^^ The sodium 
salt of diphenylbenzidinesulphonic acid is also recommended as an 
indicator of this type.^^ 


R. Roseman and W. M. Thornton, jun., J, Amer. Chem. Soc., 1935, 67, 
328; ^.,400. 

#8 yjf Plechner and J. M. Jarmus, Ifid. Eng. Chem. (Anal.), 1934, 5, 447; 
A., 1936, 50. 

** E. Chimoaga, Z. anal. Chem., 1936,101, 31; A., 719. 

** E. A. Kocsis, Z. anorg. Cfiem., 1935, 221, 318; A., 316. 

®® Y. Uzumasa and Y. Mikaye, J. Chem. Soc. Japan, 1934, 66, 627; A., 
1935, 63. 

H. R. Fleck, R. F. G. Holnoss, and A. M. Ward, Analyst, 1935, 60, 32; 
A., 316; K. Bambach and T. H. Rider, Ind. Eng. Chem. (Anal.), 1935, 7, 165; 
A., 836. 

** J. M. Caldwell and M. E. Weeks, Trans. Kansas Acad. Set., 1934, 87, 117; 
A., 1^36, 1339. 

»» E. Schulek, Z. anal. Chem., 1936, 102, 111; A., 1215; R. Uzel, Coll. 
Czech. Chem. Comm., 1936, 7, 380; A., 1471. 

*® T. Sotgia-Rovelli, Boll, chim.-farm., 1936,74,265; A., 718. 

L. E. Straka and R. E. Oesper, Ind. Eng. Chem. (Anal.), 1934, 6, 465; 
A., 1936, 66. 

h. A. Sarver and W. von Fischer, ibid., 1936, 7, 271; A., 1092. 
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p-Methylumbelliferone provides a fluorescing indicator for the 
titration of coloured solutions,^^ and the magnesium compound 
of 8-hydroxy quinoline one for titrating acids with alkalis. 

Benzoylauramine-G is described as a now indicator for Kjeldahl 
nitrogen determinations.^^ 

The indicator properties of many dinitroanilineazonaphthol- 
sulphonio acids are described by H. Wenker,^^ but none is as good 
an indicator as nitrazine-yellow which, together with its 8- 
halogen derivatives, has been further investigated.^^ 

Mixed indicators giving sharper end-points than their con¬ 
stituents alone are recommended by S. Hahnel and B. Holmberg,^® 
and by H. A. J. Pieters,'*® who regards methyl-orange as the best 
indicator for carbonate titrations. 

A study of the salt error of methyl-red, phenolphtlialein, and 
bromothymol-blue in certain acid-base titrations has been made, 
and a useful introduction to some of the applications of the more 
modem indicators has also been published during the period 
under review. 

Reagents .—In addition to the now well-known reagents, 8- 
hydroxyquinoline, dithizone, etc., the use of which is being steadily 
developed and extended, three others appear to be worthy of notice. 

Thiolacet-^-naphthalide. This reagent, for convenience named 
‘‘ thionalide,” forms complex derivatives with many metals, 
and its application in analysis has been surveyed by R. Berg and 
W. Roebling.^^ The metals can be determined directly by weighing 
the complex, by ignition, by titration with iodine, or colorimetrically 
and nephelometrically. The sensitivity of the reagent permits 
its use in micro- as well as in macro-determinations; for silver, 
this is such that silver ions can be detected in filtrates from pre¬ 
cipitated silver chloride. In sodium hydroxide-cyanide solution, 
with or without tartrate, it is specific for thallium and is especially 
suitable for toxicological work. 

A. G. Pukirev and M. S. Maslova, Zavod. Lab.^ 1934, 3, 1038; A,, 1935, 

316. 

H. K. Fleck, R. F. G. Holness, and A. M. Ward, loc. cit., rof. (37). 

J. T. Scanlan and J. D. Reid, Ind. En^. Chem. (Anal.), 1935, 7, 125; A., 

639. 

« Ibid., p. 40; A., 315. 

Idem, Ind. Eng. Chem., 1934, 26, 350; A., 1934, 500. 

E. S. Vasserman, Zavod. Lab., 1934, 8, 868; A., 1936, 62. 

** Svenak Kem. Tidskr., 1936, 47, 4; A., 462. 

Chem. Weekblad, 1935, 32, 639; A., 1336. 

S. Kilpi and A. Laaksonen, Soumen Kem., 1936, 8, B, 9; A., 594. 

A. D. Mitchell, InatiMe of Chemistry, 1934; A,, 1936, 182. 

Ber., 1936, 68, [B], 403; A., 691; Angew. Chem., 1936, 48, 430, 697; A., 
960, 1338; R. Berg, ibid., 1934, 47,404. 
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Thiolbenzthiazole, This is used for copper in presence of cad¬ 
mium, the metals of Group Illb, alkaline earths, and alkalis, 
but other metals of Group II, as well as silver and thallium, are 
quantitatively precipitated.^® It also serves for macro- and micro¬ 
determinations of cadmium when other metals, except copper, are 
absent.^ 

Phosphomolyhdic acAd. J. W. Illingworth and J. A. Santos 
revive interest in the possibilities of this acid as an analytical 
reagent. As a precipitant for caesium or potassium, it is more sen¬ 
sitive than either chloroplatinic acid or sodium cobaltinitrite, 
and its application to the determination of potassium is being in¬ 
vestigated. 

Gravimetric and Volumetric Methods for the Determination of the 
Elements .—^The papers published on this subject during the period 
under review are as numerous as ever and the task of making a 
suitable selection has not been easy. Many doubtless excellent 
methods will receive no mention. The choice has been based partly 
on the personal appeal of a method, but mainly, it is hoped, on its 
possible utility. Before they replace well-tried and satisfactory 
procedures, new methods must establish a claim to one or more 
deiSnite advantages, such as greater ease of manipulation and speed 
of execution, a more favourable conversion factor, and, most im¬ 
portant of all, a cleaner separation from accompanying ions. It is 
not sufficient that they should be merely new. Methods which are 
applicable only to pure solutions of a metal would appear to be of 
little value, for, in practice, it is the Bej)aration from other ions 
which is of chief importance and constitutes the main difficulty in 
effecting an accurate analysis. Furthermore, although all new 
methods of determination and detection are welcome and have their 
possible uses, it is unfortunate that so many of them apply to elements 
for which satisfactory methods already exist, whilst for elements 
such as tin, calcium, or potassium, for example, for which separations 
are scarce or leave much to be desired, little seems to be forthcoming. 

Group /. Small amounts of silver in the presence of lead, zin<^ 
gold, bismuth, etc., can be determined titrimetrically or colori- 
metrically with dithizone,®® which has also been applied in the 
determination of traces (0*0005—0*02%) of thallium in the presence 
of other metals.^’ 

G. Spacu and M. KuraS, Z, anal. Chem., 1935, 102, 24; A., 1094. 

Idem, ibid., p. 108; A., 1216. 

« Nature, 1934,134, 971; A., 1936, 185. 

*• H. Fischer, G. Leopoldi, and H. von XJslar, Z. anal. Chem,, 1936, 101, 
1; A., 719. 

L. A. Haddock, Analyst, 1936, 60, 894; A., 960. 
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Oroup II, Elimination of interference by bismuth has been 
efifected in the dithizone method for lead,®® which is sensitive to 
approx. 0*001 mg. of lead in metals and in biological material.®® 
H. H. Willard and J. J. Thompson separate this metal from copper, 
cadmium, nickel, zinc, etc., by precipitation as Pb 3 H 4 (I 06 ) 2 , which 
can be either weighed or determined volumetrically. Lead can 
also be precipitated as Pb(C 7 Hg 02 N )2 by anthranilic acid and 
similarly determined. The conditions for precipitation of the 
chromate in forensic analysis have been studied,®® but the method 
cannot be used in presence of large amounts of other metals.®^ 

Volumetric methods ®® and a nephelometric micro-method ®® 
for mercury are described. 

An investigation of the behaviour of material containing copper 
on fusion with sodium carbonate and sulphur shows that the copper 
dissolved in an aqueous extract of the melt increases with the pro¬ 
portion of sulphur used and is augmented by the presence of tin; 
a quantitative separation of the copper from such material is not 
possible.®’^ This is in harmony with the observation that the known 
solubility of cupric sulphide in alkaline polysulphides increases 
rapidly with the sulphur content of the latter, its concentration, 
and temperature. In sodium monosulphide, the cupric sulphide 
is practically insoluble.®® Further work has been carried out ®® 
on the separation of copper by means of salicylaldoxime and dimer- 
captothiodiazole,*^® whilst p-homosalicylaldoxime is recommended 
for the detection and determination of both copper and nickel. 
Quinaldinic acid also is used for the micro-determination of the former 

C. E. Willoughby, E. S. Wilkins, jun., and E. O, Kraemer, Ind. Eng, 
Chem, (Anal.), 1935, 7, 285; A., 1094. 

E. S. Wilkins, jun., C. E. Willoughby, E. O. Kraemor, and F. L. Smith, 
ibid., p. 33; A,, 631. 

Idem, ibid.; O. B. Winter, H. M. Robinson, F. W. Lamb, and E. J. Miller, 
ibid., p. 265; A., 1094. 

Ibid., 1934, 6. 425; A., 1935, 65. 

H. Funk and F. Romor, ibid., 1935, 101, 85; A., 720. 

K. Hdll, ibid., 1935, 102, 4; A., 1182. 

A. W. Middleton, J. Ind. Hygiene, 1935, 17, 7; A., 317. 

S. Skramovsk^ and R. Uzel, Casopis czechoalov. Ldk., 1934, 14, 33; A., 
1934, 1323; G. Denig5s, BuU. Soc. Pharm. Bordeaux, 1934, 72, 5; A., 1936, 
186; M, Schtschigol, J. Appl. Chem. Rmsia, 1935, 8, 160; A., 950. 

S. 1. Ssinjakova, Z. anal. Chem., 1936, 100, 190; A., 464. 

R. Holtje and W. Kahmen, Z, anorg. Chem., 1935, 228, 234; A., 1088. 

** R. Holtje and J. Beckert, ibid,, 1936, 222, 240; A., 676. 

M. Ishibashi and H. Kishi, J. Chem. Soc, Japan, 1934, 66, 1060, 1066, 
1067; A., 1936, 720. 

P. Ray and J. Gupta, J. Indian Chem. Soc,, 1936, 12, 308; A., 1094; J. 
Gupta, ibid., 1934, 11, 403; A„ 1934, 982. 

C. H. Kao and K. H. Chen, J. Chmeae Chem. Soc,, 1935, 8, 22; A,, 720. 
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by a method which separates it from lead, manganese, nickel, 
phosphate, etc., if suitable precautions are taken in washing. 
In the usual iodometric method for copper, the addition of a soluble 
thiocyanate near the end-point is claimed to increase its sharpness 
and accuracy, whilst the adsorption of starch iodide by the precipit¬ 
ated cuprous salt is said to be reduced by the addition of a solution 
of white shellac in alcohol.’'^ 

Of all methods for the determination of an element, those of 
Marsh and Gutzeit must, in the past, have received as much attention 
as, if not more than, any other single method, and fresh contributions 
have again been made during the year. In describing modified 
apparatus and technique for the Marsh-Liebig method, G. Locke- 
mann points out that the customary hard-glass Kjeldahl flask 
may yield small amounts of arsenic, and recommends silica flasks in 
their stead. W. Deckert,’® however, states that this dissolution 
of arsenic is appreciable only on the first occasion such a flask is 
used, but Lockemann maintains his objection.’’^ Further, when 
mercury is present, satisfactory arsenic mirrors are said to be 
unobtainable.'^® Other modifications of the Marsh and the 
Gutzeit method have also been detailed. 

Methods for tin which do not depend on its reducing power are 
still all too few, and a much-needed organic reagent which will do 
for the determination of quadrivalent tin what the oximes have 
done for that of nickel, still awaits discovery. 

In alkali molybdates, molybdenum is determined as the silver 
salt,®^ and it can be precipitated as the 8-hydroxyquinoline deriv¬ 
ative, Mo 02 (C 9 HgON) 2 , without disturbance due to the presence of a 
phosphate.®^ 

P. R. R4y and J. Oupta, Mikrochem., 1935, 17, 14; A., 318. 

’» H. W. Foote and J. E. Vance, J. Amer. Chem. Soc., 1936, 67, 846; A., 
837. 

J. R. Caldwell, ibid., p. 96; A., 318; of. A. D. Mitchell and A. M. 
Ward, “ Modern Methods in Quantitative Chemical Analysis,” 1932, 
p. 67. 

Angew. Chem., 1935, 48, 199; A., 596; Z. anal. Chem., 1935, 100, 20; 
A., 664. 

” Ibid., 101, 338; A., 948. 

” Ibid.,-p. 340; A., 948. 

’• H. Kfihl and B. Czyzewsky, Pharm. Zentr., 1934,75, 660; A., 1934, 1322. 

J. Gangl, Oesterr. Chem.-Ztg., 1936, 38, 64; A., 718. 

•» L. W. Strode, Z. anal. Chem., 1934,89, 321; A., 1936,184; J. D. Gnessin, 
Pharm. Zentr., 1934, 76, 719; A., 1935, 53; cf. also R. SteinbrOck, ibid., 1936, 
78, 6; A., 184; C. J. Snijders, jun., and A. J. W. van der Drift, Chem. Week- 
blad, 1936, 82, 276; A., 718. 

L. W. McCay, J. Amer. Chem. Soo., 1934, 66,2648; A., 1936, 187. 

" S. Ishunaru, J. Chem. Soe. Japan, 1934, 56, 732; A., 1936, 66. 
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With material containing elementary sulphur and selenium, 
sodium thiosulphate and thioselenate are formed by boiling with 
10% aqueous sodium sulphite, after which the selenium is precipit¬ 
ated by warming with formaldehyde.®^ According to V. Hovorka,®* 
selenious acid is quantitatively reduced to selenium by acetone 
saturated with sulphur dioxide. This author has also studied in 
detail the reduction by hydrazine and finds that a direct separation 
of selenium from cadmium, lead, vanadium, tungsten, etc., by this 
means is possible only under certain conditions.®® 

Pyridine precipitates tellurium from its tetrachloride as the di¬ 
oxide, which is weighed after drying at 120"'.®® 

The micro-determination of platinum, iridium, and associated 
potassium and chlorine,®’^ and the volumetric determination of 
rhenium with ferric sulphate, potassium dichromate and permangan¬ 
ate, or ceric sulphate, according to the nature of the compound 
present,®® are also described. 

Group III, In the third analytical group the use of 8-hydroxy- 
qiiinoline has been further applied to thorium,®® which is precipitated 
as Th(C 9 H 60 N) 4 ,C 9 li 70 N,®® and to zirconium,®^ after precipitation 
as Zr(C 9 HQON) 4 , which can be weighed directly, titrated with 
bromate, or ignited to ZrOg. According to other workers,however, 
the last compound and its bromine derivative are unsuitable for 
the accurate determination of zirconium. The reagent has also 
been used to separate metals of this group from phosphate ions, 
which can then be determined in the usual way.®® In an important 
paper, H. B. Knowles ®^ gives the conditions necessary for the success¬ 
ful separation of aluminium and beryUium from many metals, 
using 8-hydroxyquinollne, and discusses the reasons for the some¬ 
what high results which the method gives. A procedure for de¬ 
termining aluminium in alloys which may contain iron, nickel, 

E. Cheraskova and L. Veissbruth, Z. anal. Chem., 1935, 102, 353; A,, 

1336. 

Chem. Uaty, 1935, 20, 73; A., 718. 

85 Coll. Czech. Chem. Comm., 1936, 7, 182; A„ 948. 

A. JUek and J. Kota, ibid., 1934, 6, 398; A., 1934, 1322. 

H. I). K. Drew, H. J. Tress, and G. H. Wyatt, J., 1934, 1787; A., 1936, 

66 . 

W. Geilmann and W. Wrigge, Z. anorg. Chem., 1936, 022, 66; A., 464. 

F. Hecht and W. Ehrmann, Z. anal. Chem., 1935, 100, 98; A., 464. 

Cf. F. J. Frere, J. Amer. Chem. Soc., 1933, 65, 4362; A., 1934, 82. 

G. Balanescu, Z. anal. Chem., 1935, 101, 101; A., 721. 

P. Sue and G. Wdtroff, Bull. Soc. chim., 1936, [v], 2, 1002; A., 989. 

•* S. Ishimaru, J. Chem. Soc. Japan, 1936, 56, 62; A., 1337; see also 
ref. 82. 

•* J. Bes. Nat. Bur. Stand., 1936,15, 87; A., 1216. 
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molybdenum, etc., has also been described.®® Finally, the bluish- 
black precipitate, (C 9 Hg 0 N) 4 V 203 , which is obtained with 8 -hydroxy- 
quinoline and a vanadate in presence of acetic acid, has been 
utilised for the gravimetric determination of vanadium.®® 

Vanadous ammonium sulphate, VS 04 ,(NH 4 ) 2 S 04 , 6 H 20 , which 
is more stable in air than VSO 4 , is another reagent which has been 
applied to this group in volumetric methods for ferric iron and 
chromium as chromate.®’ The conditions under which cupferron 
may be used to determine copper, ferrous and ferric iron,®® and also 
micro-quantities of aluminium in plant material by a nephelo¬ 
metric method,®® have been investigated. 

The B.P. (1932) method for determining metallic iron in the pre¬ 
sence of iron oxides is stated ^ to give results which are inaccurate 
and variable, and a modification of Wilner’s method ^ is preferred. 
Micro-methods for iron consist of reduction of a hydrochloric acid 
solution by passage through a silver sponge reductor, followed by 
titration with 0-002—0 015i\r.ceric sulphate, using aa'-dipyxidyl 
as indicator,® or reduction with electrolytic cadmium (zinc being 
less trustworthy in a micro-reductor), followed by titration with 
0-005iV^-permanganate using cyanin-B or erioglaucin-A as indicator.® 
Pyridine, according to P. Spacu,® will separate iron completely as 
Fe(OH )3 from solutions containing ferric iron and cobalt, which 
can then be determined as [Co(C 5 H 5 N) 4 (CNS) 2 ] in the remaining 
solution. 

Contrary to all accepted procedure ® are the findings ’ that 
zirconium should be precipitated in sulphuric acid which is not more 
concentrated than 1 %, and that titanium must first be eliminated 
in the phosphate method for the determination of small quantities 

T. Heczko, Chem.-Zig., 1934, 68, 1032; A., 1935, 187. 

R. Montequi and M. Gallego, Anal. Fis. Quim.y 1934, 32, 134; A., 1935, 

464. 

P. C. Banerjee, J. Indian Chem. Soc., 1935, 18, 198; A., 838. 

E. Benedetti, JRev. Fac. Cienc. quim.. La Platan 1934, 9, 59; A.^ 1936, 720. 

P. Meunier, Corrvpt. rend.^ 1934, 199, 1250; A., 1936, 186. 

1 F, Hartley, W. H. Linnell, F. E. Read, and H. G. Rolfe, Quart. J. Pharm.^ 
1935,8, 100; A., 720. 

• E. Merck, Z. anal. Chem.^ 1902, 41, 710. 

• C. J. van Nieuwenburg and (Miss) H. B. Blumendal, Mihrochem.^ 1935, 18, 
39; A., 1095. 

• J. Knop and O. KubelkovA, Z. anal. Chem.f 1935,100, 161; A., 464. 

® Compt. rend.f 1935, 200, 1695; A., 838. 

• See W. F. Hillebrand “ The Analysis of Silicate and Carbonate Rocks,” 
U.S. Geol. Survey, 1929, Bull. No. 700, p. 173; W. F. Hillebrand and G. E. F. 
Lundell, op. cit., p. 446. 

’ V. A. Oschman and T. K. Zertschaninova, Redk. Met., 1934, 8, No. 6, 36; 
A., 1935, 1339. 
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of zirconium in rocks. This latter element is also determined by 
means of n-propylarsonic acid,® whilst thorium is determined on 
both macro- and micro-scales by means of picrolonic acid.® 

The precipitation of aluminium alone from a mixture containilig 
aluminium, manganese, nickel, and cobalt by hexamethylene¬ 
tetramine revives interest in the possibilities of a more ex¬ 
tended use of this reagent which appears to possess certain advant¬ 
ages. Volumetric methods for aluminium,beryllium,^® chromium 
(micro),as well as a gravimetric method for beryllium,have also 
been put forward. The solubility of strongly-ignited chromium 
sesquioxide in warm, dilute solutions of potassium bromate, whereby 
chromate is formed, is an unexpected reaction which is of interest.^® 
After reduction to the quadrivalent state, vanadium is precipit¬ 
ated by ammonium benzoate as V 0 ( 0 Bz )2 which can be ignited 
to the pentoxide; iron and chromium should be absent, but mag¬ 
nesium, aluminium, titanium, and some other metals are said not 
to interfere,^ ’ Alternatively, the precipitate of [Co(NH 3 )g] 4 (VgOi 7 ) 3 , 
formed in acid solution with VO 3 ' and Co(NH 3 )g*“, can be used for 
the quantitative separation of vanadium from iron, phosphate, 
arsenate, etc., but not from tungstate, molybdate, or lead.^® For 
the volumetric determination of vanadium, A. J. Berry applies 
the iodine cyanide method to the oxidation of to 

W. B. Schoeller and his co-workers make further contributions 
to the analytical chemistry of tantalum and niobium in dealing 
with the separation of the rare earths from the earth acids ^ and 
tungsten from titanium, niobium, tantalum, and zirconium.^^ 

® P. W. Arnold, jun., and G. C. Chandlee, J. Amer. Chern, Soc., 1935, 67, 8; 
A., 319; G. C. Chandlee, ibid., p. 591; A., 698. 

• F. Hecht and W. Ehrmann, Z. anal. Chem., 1935, 100, 87; A., 464. 

T. K6zu, J. Chem, Soc. Japan, 1935, 56, 22; A., 1338. 

Cf. C. Kollo and N. Georgian, Bui. Soc. Chim. Bomdnia, 1924, 6, 111; A., 
1925, ii, 330; P. RAy and A. K. Chattopadhya, Z. anorg. Chem., 1928,169,99; 
A., 1928, 387; V. F. Stefanovski, J. Appl. Chcm, Russia, 1934, 7, 1288; A., 
1935, 318. 

« M. K. Bachmutova, Legh. Metal., 1934, 3, No. 9, 37; A., 1935, 1338. 

** B. S. Evans, Analyst, 1935, 60, 291; A., 837. 

D. Brard, Ann. Chim. analyt., 1935, [iii]. 17, 201, 257; A., 1095, 1339. 

I. litaka, Y. Aoki, and T. Yamanobe, Bull. Inst. Phys. Chcm. Res. Tokyo, 
1935, 14,741; A., 1216. 

R. Lyd^n, Z. anorg. Chem., 1935, 223, 28; A., 834. 

F. M. Schemjakin, Zavod. Lab., 1934, 8, 986; A., 1936, 319; F. M. 
Schemjakin and V. F. Tsohapigin, J. Appl. Chem. Russia, 1936,8,536; A., 1096. 

W. G. Parks and H. J. Prebluda, J. Amer. Chem. Soc., 1936, 67,1676; A., 

1339. 

Analyst, 1934, 69. 736; A., 1936, 56. 

W. R. Schoeller and E. F. Waterhouse, ibid,, 1935, 60, 284; A,, 838. 

Am R. Powell, W. R. Schoeller, and C. Jahn, ibid*, p. 506; A., 1217. 
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J. A. Tschemichov and M. P. Karssajevskaja find that, contrary 
to previous statements, niobium cannot be accurately determined 
by reduction with zinc amalgam and re-oxidation with standard 
feitic chloride. 

o-Nitro-p-naphthol in acetic acid solution precipitates cobalt as 
Co(CjoH({ON 02)3,^ and in a suitable concentration of acid a quanti¬ 
tative separation from aluminium, chromium, nickel, and zinc 
can he obtained. If iron is first removed with zinc oxide, the method 
can be applied to cobalt steels.^* In the well-known a-nitroso-p- 
naphthol method, C. H. Damon advises the replacement of ammon¬ 
ium chloride and hydrochloric acid by sodium sulphate and acetic 
acid, respectively. A. Taurine determines this metal as a new 
complex, [Co(NH3)g][Hgl3]2, by precipitation in an atmosphere 
of carbon dioxide with K2Hgl4 from strongly ammoniacal solution, 
but the oxidation of the precipitate in air may restrict the popularity 
of the method. 

Quantitative separations of metallic sulphates such as those of 
cobalt from nickel, iron from titanium, aluminium, zinc, or mangan¬ 
ese, etc., can, according to L. Wohler and K. Flick,be effected 
by selective dissociation in a current of sulphur tridxide or the di¬ 
oxide and oxygen at suitable temperatures, and the method has been 
used for the quantitative isolation of aluminium, iron, and titanium 
from bauxite. 

A volumetric method involving precipitation of cobalt with am¬ 
monium thiocyanate and pyridine and titration of the excess CNS' 
ion by silver nitrate ai)pcars to have been put forward more or less 
simultaneously by two independent groups of investigators.^® 

The solubility of nickel dimethylglyoxime in hot solutions 
still seems to be disregarded. That this source of error is a real 
one can easily be checked, e,g., in a nickel steel analysis a milligram 
or so of the nickel compound will always separate out on cooling 
a solution which has been filtered hot and washed with hot instead 
of cold water. The interference to which this method is subject 
in presence of large amounts of copper can be overcome by the 

** Z, anal, Chem.t 1934, 99, 398; A., 1935, 721; cf. V. Schwarz, Angew, 
Chem., 1934, 47, 228; A„ 1934, 622. 

** H. Herfeld and O. Gemgross, Z. anal. Chem., 1933, 94, 7; A., 1933, 1025. 

a* C. Mayr, ibid., 1934, 98, 402; A., 1934, 1324. 

« J. Chem. Educ., 1936, 12, 193; A., 1072. 

« Z. anal. Chem., 1935, 101, 357; A., 951. 

Ber., 1934, 67, [B], 1679; A., 1934, 1320. 

** JT, T, Dobbins and J. P. Sanders, Ind. Eng. Chem. (Anal.), 1934, 6, 
469; A., 1936, 56; G. Spacu and M. KuraS, Bui. Soc. ^tiini^e Cluj, 1934, 7, 
377; A., 1934, 1323. 

»» P. Nuka, Z. anal. Chem., 1933, 91, 29; A., 1933, 138. 
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addition of sodium hyposulphite prior to that of the oxime, and the 
method is then said to bo particularly applicable to the analysis 
of nickel-copper alloys.^® For those who prefer a volumetpc 
ending to a determination, there is now available, in addition to the 
titration of the acid liberated by the reaction between nickel and 
dimethylglyoxime,®^ another method,which determines, by means 
of ferric sulphate and permanganate, the hydroxylamine liberated 
when the nickel dimethylglyoxime is hydrolysed by boiling with 
dilute sulphuric acid. This method also is applicable to the 
determination of nickel in steels and coinage alloys when tartaric 
acid is present. The compound of copper with salicylaldoxime can 
be treated in a similar way. 

Zinc in the presence of various metals is determined on both 
macro- ^ and micro-scales by means of quinaldinic acid, whilst, 
according to C. Cimeran and P. Wenger,^® the method of H. Funk 
and M. Ditt,^® which uses anthranilic acid, is also suitable for micro- 
chemical work. A point of interest in connexion with the standard 
phosphate method for zinc is that decomposition of zinc ammonium 
phosphate to the pyrophosphate begins at 350° and is complete 
in 90 minutes at 520°.^’ 

Group IV, The determination of the alkaline earths as oxalates 
contmues to receive attention, and the behaviour of these oxalates, 
alone and together, when precipitated and washed by J. Dick’s 
method,has been further investigated.^® For calcium, titration 
of the oxalate ion is preferable to weighing, but for barium, owing 
to the incompleteness of precipitation, and strontium the method 
appears to be unsatisfactory. Magnesium, which is thrown down 
as the dihydrate, is likely to be co-precipitated with the calcium, 
so a double precipitation is necessary in this case. Barium and 
strontium, when present, also interfere with the determination of 
calcium. H. Sibelius considers that the determination of calcium 
as CaC 204 ,H 20 following O. Brunck’s directions* ** ^ is trustworthy. 

*0 J. Ranedo, Anal FU. Quim., 1934, 82, 611; A., 1936, 961, 

« J. HoUuta, Monatsh,, 1919, 40, 281; A., 1920, ii, 67. 

** B. Tougarinoff, Ann, Soc. Sci. BruxeUea, 1934, 64, [B], 314; A., 1936, 187. 

** P. Ray and A. K. Majuridar, Z, anal Ghem,, 1936, 100, 324; A,, 697. 

P. R. Ray and M. K. Bose, Mikrochem., 1936, 17, 11; 18, 89; A., 318, 
1094. 

»» Ibid.,p, 63; A., 1094. 

»« Z, anal, Chem., 1933, 91, 332; A., 1933, 244. 

Z. H. Pan and C. H. Chiang, J, Chinese Chem, Soc,, 1936,3,118; A,, 1083. 

Z, anal, Chem., 1929, 77, 362; A,, 1929, 901. 

J. Haslam, Analyst, 1936, 60, 608; A„ 1338. 

Buomen Kem., 1936, 8, [A], 26; A,, 696. 

Z, anal Chem,, 1933, 04, 81; A,, 1033, 1024. 
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According to A. levins,ignition of calcium carbonate or oxalate 
over a gas flame yields an oxide containing SO4", and electric 
heating should therefore be employed. 

Although no data are recorded, N. A. Tananaev^ states that 
calcium and magnesium can be quantitatively extracted from barium 
and strontium by treatment of the dry nitrates with glacial acetic 
acid. If this be true, then this acid could with obvious advantage 
replace the fuming nitric acid which is used in S. G. Rawson’s 
method for the separation of calcium and strontium. 

A volumetric micro-method for calcium consists in the titration 
of excess picrolonate against methylene-blue in presence of chloro¬ 
form, after removal of the metal by means of a standard solution 
of lithium picrolonate. 

Group V. The determination of magnesium as MgNH4P04,6H20, 
often used on the micro-scale, gives, on the macro-scale, results 
which compare favourably with those obtained by the pyro¬ 
phosphate method.**® The S-hydroxyquinoline method has been 
further studied,and volumetric determinations include a method 
for the precipitation of the magnesium as MgNH4As04 and 
then titration of the arsenious oxide after reduction with sulphur 
dioxide.^® 

No finality has yet been reached in the cobaltinitrite method 
for potassium. Each year sees its quota of papers on this subject. 
Different investigators seem able to evolve a method which satis¬ 
fies their particular requirements, but no agreement on a standard 
procedure which will cover a wide range of concentration and con¬ 
ditions has been attained. The main difficulty still lies in achieving 
constancy of composition of the precipitate produced. H. W. 
Lohse states that this varies between KNa 2 [Co(N 02 ) 6 ] and 
K2Na[Co(N02)6l according to conditions of precipitation, whilst 
C. S. Piper,in an examination of modifications necessary to ensure 
quantitative recovery over the range 0 * 1—50 mg. KgO, finds that 

« 

Latvij, Univ. Haksti, 1935, 2, 465; A.^ 133S. 

Z. anal, Chem., 1935, 100, 391; A,. 719. 

<< J, Soc. Chem, Ind., 1897,16, 113; A,, 1898, ii, 190; cf. W. Noll, Z, anorg, 
Chern,, 1931, 199, 193; A„ 1931, 1259. 

A. Bolliger, Aiistral, J. Exp, Biol,y 1935,13, 75; A., 1093. 

*• J. P. Mehlig, J, Chem, Ediic,y 1936, 12. 288; A., 1093; see F. P. Tread- 
well and W. T. Hall, op. cit,y 1935, p. 81. 

M. Javillier and J. Lavollay, Bull, Soc, Chim, hiol., 1934, 16, 1631; A., 
1935, 186; D. C. Vucetich, Bev, Fac, Cienc, quim., La Plata, 1934, 9, 81; A., 
1935, 719; O. Creuss-Callaghan, Biochem, 1935, 29, 1081; A., 837. 

W. Baubner, Angew, Chem,, 1936, 48, 651; A., 1216. 

« Ind. Eng, Chem, (Anal,), 1935, 7, 272; A., 1093. 

*0 J. Soc. Chem, Ind„ 1934, 63, 392t; A., 1936, 317. 



466 


ANALYTIOAIi OHBMISTEY, 


the ratio of potassium to sodium in the precipitate varies according 
to the composition of solution and precipitant and to the conditions 
of precipitation. Error may also be introduced by the presence 
of ammonium salts in some brands of cobalt nitrate of reagent 
quality.Other workers describe modified methods. C. Peng 
introduces a variation in the volumetric ending by decomposing 
the cobaltinitrite (equivalent to < 20 mg. KgO) with dilute hydro¬ 
chloric acid containing urea and titrating the excess of acid with 
alkali, whilst (Miss) H. Bennett and H. F. Harwood ^ improve it 
by utilising a cerimetric method.Finally, A. Bolliger precipi¬ 
tates the potassium ( 0 - 04—10 mg.) as picrate and titrates this with 
a standard methylene-blue solution.*^® 

The determination of sodium as sodium magnesium uranyl 
acetate after removal of potassium, as perchlorate, and other 
interfering ions has also been described.^’ 

R. W. Feldmann finds that the bismuth iodide method of 
N. A. Tananaev and E. P. Harmasch gives inaccurate results 
for the determination of caesium both in pure solutions of its salts 
and in mixtures with rubidium. 

Anions. A mercurimetric method for the halogens, including 
fluorine, is described in detail, and a precision equal to that of the 
classical methods is claimed for it.®® For fluorine in small amount, 
B. Visintin’s procedure is adversely criticised.®^ In the Volhard 
method for chloride, the addition of nitrobenzene eliminates the 
necessity of removing the precipitated silver chloride.®® Three 
methods for the analysis of chlorides in the presence of thiocyanates 
have also been examined.®^ Volumetric micro-methods for chlor- 

J. Soc. Chem. Ind,, 1935, 54, 157T; A., 836. 

S. D. Sunawala and K. R. Krishuaswami, J. Indian Inst. Sci.^ 1934, 17, 
[Al 106; A., 1936, 54; K, Nowak, Przcmxjd Cfmn,, 1934, 18, 609; A., 1935, 
185. 

Trans. Sci. Soc. China, 1934, 8, No. 2, 153; Proc. Internat. Soc. Soil Sci,, 
1936, 10. 105; B., 966. 

Analyse, 1936, 60, 677; A., 1337. 

J. Biol. Chem., 1934, 107, 229; A., 1934, 1322. 

J. Proc. Boy. Soc. N.S.W., 1933, 67, 240; A., 1934, 1017. 

F. Kogler, Angew. Chem., 1935, 48, 561; A., 1215. 

«« Z. anal. Chem., 1935, 102, 102; A., 1215. 

Ibid., 1932, 89, 266; A., 1932, 1010. 

A. lonescu-Matiu and S. Herscovioi, BuU. Soc. chim., 1934, [v], 1, 1379; 
A., 1935, 183. 

Ann. Chim. appl., 1934, 24, 316; A., 1934, 980. 

M. Giordani, ibid., p. 496; A., 1935, 63. 

** J. R. Caldwell and H. V. Moyer, Ind, Eng. Chem. (Anal.), 1936, 7, 38; 
A., 316. 

•* E. Cohen and K. Piepenbroek, Z. anal. Chem., 1934, 99, 268; A., 1936, 
183. 
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ide,®^ bromide in the presence of a large excess of chloride,®® and 
bromide and iodide in the presence of chloride ®'^ have been put 
forward, and the precautions necessary for accurate work with 
0 ' 01 i\r-iodine solutions have been defined.®® The loss of iodine 
by volatilisation from dilute iodine-potassium iodide solutions during 
the passage of air has been investigated by W. A. Hough and J. B. 
Ficklen,®® and a method for the determination of small quantities 
of iodides is described by M. L. Jean,'^® who applies it also to silver 
and chromate. 

The best conditions for determining CIO4' in the presence of various 
interfering ions have also been studied in detail,and M. L. Nichols 
discusses the reduction of chlorates and perchlorates by titanous 
chloride. 

Cyanates can be titrated with silver nitrate using fluorescein as 
adsorption indicator.'^® 

A review of methods used in the volumetric determination of 
sulphates has been made, as well as a study of the reactions which 
occur in the precipitation of Ba*’, Pb”, or SO4" ions as barium 
or lead sulphates.A method for the removal of carbon dioxide 
in micro-determinations of alkali carbonates is also described.*^® 

In the determination of ferrocyanide by means of dichromate, 
a controlled acidity is essential; the apphcation of the method 
to the determination of zinc is discussed.Ferricyanide, potassium 
I}ermanganate, and, indirectly, iron can be titrated on a micro¬ 
scale by means of 0*001 A-solutions of indigo-carmine.’® 

Conditions for the complete precipitation of silica by ammonium 
molybdate have been studied; the silica in the precipitate can be 
determined gravimetrically, by titration with sodium hydroxide 
or by reduction and back-titration with permanganate.’® 

«» B. Bullock and P. L. Kirl^/wd. Eng. Cliem. {Anal), 1935, 7, 178; A., 835. 

«« F. L. Hahn, Mikrochem.,^^36, 17, 222; A., 835. 

I. Bellucci, Qazzetta, 1934, 64, 688; A., 1934, 1321. 

•• J. Konaudin and (Mmo.) Renaudin, J. Pharm. Chim.^ 1934, [viii], BO, 516 ; 
A,, 1935, 184. 

Ind. Eng. Chem. {Anal.), 1934, 6, 460; A., 1935, 52. 

Bull. Soc. chim., 1935, [v], 2, 605; A., 717. 

C. Smeets, Natuurwetensch. Tijda., 1934, 16, 262; A., 1935, 183. 

Ind. Eng. Ghem. {Anal.), 1935, 7, 39; A., 316. 

R. Ripan-Tilici, Z. anal. Chem., 1935, 102, 32; A., 1093. 

G. A. Ampt, J. Proc. Austral. Chem. Inst., 1935, 2, 10; A., 462. 

Z. Karaoglanov and B. Sagortsohev, Z. anorg. Chem., 1935, 221, 369; 
A., 317. 

J. Mika, Z. anal. Chem., 1935, 101, 270; A., 836. 

’’ F. Burriel and F. Sierra, Anal. Fis. Quim., 1934, 82, 87; A., 1935, 597. 

I. M. Korenman, Mikrochem., 1936, 18, 31; A., 1096. 

’• S. Kitajima, Bull. Chem. Soc. Japan, 1936, 10, 341; A., 1337. 
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Various applications of titrations with alkaline permanganate, 
e^.g., PO3'", CNS', IO3', CN', etc., are described,®® and those of 
Eajans’s titration method are reviewed.®^ 

Miscdlaneous. —The Ph ranges for the precipitation of certain 
metals by anthranilic acid are recorded by H. Got6,®^ and J. G. F. 
Druce reviews the use of magnesium perchlorate (“ anhydrone 
as a desiccant.®^ 

Finally, in view of the steadily increasing use of perchloric acid 
in analytical work, the observation that mixtures of aqueous 
solutions of this acid and organic substances are liable to explode, 
even in the cold, has its interest. 

Qualitative, 

General Methods for the Detection of Anions and Cations .— 
Although much attention has been focussed on the newer methods 
of detection of ions, the older, macro-methods have by no means 
been neglected, and an account of some of this work during the past 
year will now be given. 

Numerous reactions, with their sensitivities, are recorded for 
thallium with a wide range of reagents,®® and for the commoner 
members of the second analytical group, with potassium iodide and 
various aromatic and cyclic bases.®’ Tests for mercury depend 
on the formation of the complex ion Hgl4",®® followed by reduction 
with alkaline glycerol ®® or stannous chloride,®® or of gold chloride.®^ 
The change in colour to blue, which the green flame due to copper 
undergoes in presence of carbon tetrachloride, serves to distinguish 
this element from other substances giving a green flame,®^ and in 
view of the use of a-benzoinoxime as a test for copper ®® the observ- 

H. Stamm, Angew. Chem., 1934, 47, 791; A., 1935, 55. 

E. J. Kocsis and L. Polldk, Acta Lit. Sci. Univ. Hung. Francisco-Joseph,, 
1934, 4, 147; A., 1935, 836; K. Fajans, in ‘‘Die chemische Analyse,*’ vol. 
33, Neure massanalytische Methoden,” 1935,^. 161 et seq, 

J. Chem. Soc. Japan, 1934, 66, 1156; A., 1935, 720. 

** Chem, and Ind., 1935, 64, 133 ; A., 321.< 

** See also W. F. Hillebrand and G. E. F. Lundell, op. cit., p, 45. 

J. R. Partington, Chem. and Ind., 1935, 64, 468; A., 715. 

J. C. Munch and J. C.Ward, J. Amer.Pharm. Assoc., 1935, 24, 361; A., 960. 

I. M. Korenman, Z. anal. Chem., 1934, 402; A., 1936, 720. 

P. I. Trischin, J. Appl. Chem. Russia, 1934, 7, 1282; Ukrain, Chem. J., 
1934, 9, 341; A., 1935, 318, 950. 

M. Schtschigol, J. Appl. Chem. Russia, 1935, 8, 168; A., 960; Khim, 
Farm. Prom., 1934, No. 1, 44; A., 1934, 1323. 

w N. A. Tananaev, J. Appl. Chem. Russia, 1935, 8, 366; A., 950. 

E. Stathis, Z. anal. Chem., 1934, 99, 106; A., 1936, 65. 

** P. Gabriel, Ind. Eng. Chem. (Anal.), 1934, 6 , 420; A., 1936, 66. 

Feigl, “ Qualitative Analyse init Hilfe von Tilpfelreaktionen,” 1936, p. 
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ation that nickel, platinum, and palladium form compounds with 
this reagent is of interest. Cadmium can be precipitated by the 
addition of sodium selenide to the ammoniacal potassium cyanide 
solution in presence of copper, nickel, cobalt, or zinc, thus avoiding 
the doubt sometimes occasioned by the formation of rubianic acid 
in the usual group analysis. The test is sensitive to a few 
P. G. Popov describes a tost for this element in which it is claimed 
that other metals do not interfere. A modified procedure for the 
arsenic sub-group has been worked out,®"^ and the colours produced by 
the reducing action of mercurous chloride have been used to detect 
and estimate small amounts of arsenic, gold, platinum, palladium, 
selenium, tellurium, and iodine.®® In order to detect arsenic in 
presence of antimony, N. A. Tananaev and V. D. Ponomarjev ®® 
reduce its compounds to arsine by tin and hydrochloric acid, anti¬ 
mony yielding only the metal. Methods for the detection of small 
quantities of germanium in presence of arsenic,^ the separation of the 
platinum metals by hydrogen under pressure,® and the detection of 
small amounts of indium, gallium, and thallium, using quinalizarin,® 
are also described. 

Changes in the benzoate method for the separation of iron, 
aluminium, and chromium^ make it applicable to qualitative 
analysis,® and a slight modification of the usual phosphate separa¬ 
tion avoids coprecipitation of traces of zinc, cobalt, manganese, 
barium, and strontium.® Suitable methods for the inclusion of 
titanium and vanadium as an ordinary part of the third analytical 
group are indicated.’ 

The concentration of a precipitate at a liquid-liquid interface 
or in a non-miscible liquid is a device which is often of service in 


J. S. Jennings, E. Sharratt, and W. Wardlaw, J., 1935, 818; A., 981. 

P. Krumholz and O. Kruli, Mikrochem., 1935, 17, 210; A,, 837. 

Ukrain. CJiem. J., 1934, 9, 307; A., 1935, 950. 

A. T. Lincoln and E. Olson, J, Chem. Educ., 1935,12, 264; A., 1092. 

O. G. Pierson, Ind, Eng. Chem. (Ana/.), 1934, 6, 437; A., 1935, 
53. 

« Z. anal. Chem., 1935, 101, 183; A,, 836. 

1 S. A. Coase, Analyst, 1934, 69, 747; A., 1935, 56. 

^ V. V. Ipatiev and V. G. Tronev, Compt. rend. Acad. Sci. U.R.S.S., 1935, 
2,29; A., 951. 

* E. Pietsch and W. Roman, Z. anorg. Chem.., 1934, 220, 219; A., 1934, 
1323. 

* 1. M. Kolthoff ei al, J. Amer. Chem. Soc., 1934, 66, 812; A., 1934, 
621. 

* L. Lehrman and J. Kramer, ibid., p. 2648; A., 187. 

* E. Kahane, Ann. Chim. analyt., 1935, [iii], 17, 119; A., 718. 

’ L. E. Porter, Ind. Eng. Chem. (Anal.), 1934, 6, 448; A., 1935, 66; see also 
idem, ibid., p. 138; A., 1934, 502, concerning tungsten and molybdenum. 
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analysis, and it is now used ® to separate nickel dimethylglyoxime 
from ferrous iron, and sulphur from certain sulphides, with iso- 
amyl alcohol. 

Na2[Hg(CNS)4] is more sensitive than the corresponding potassium 
and ammonium compounds as a reagent for cobalt.® 

Methods for the detection of calcium in presence of barium and 
strontium and of potassium are put forward. For the latter, 
zinc cobaltinitrite can replace the sodium salt when a test for 
sodium has subsequently to bo made.^® According to J. Cervinka,^® 
quinalizarin does not distinguish magnesium from barium, calcium, 
and strontium,whilst zinc, aluminium, and ferric iron interfere 
with the development of the colour reaction. 

A. P. Laurie deals with small particles of insoluble material 
by fusion with borax or microcosmic salt on a platinum wire and 
then applies tests for the metals directly by immersion of the bead 
in appropriate reagents. 

A classification of anions is proposed by A. Hemmeler and M. 
Angelini,^^ who discuss also the difficulties arising from the pre¬ 
sence of heavy metals. Among the new work on anions may be noted 
tests for fluoride ions,^® halides in presence of thiocyanates,^^ 
bromide and a systematic analysis of mixtures of thiocyanate and 
halide ions,^® traces of iodide in the presence of chlorates, bromates, 
and iodates; chlorate,sulphurous acid,^^ thiosulphate,^^ nitrate, 

“ A. M. Belousov and A. G. Belousova, J. Appl. Chem. Hmsia, 1934, 7, 
837; A., 1935, 187. 

• B. V. J. Cuvelier, Z. anal. Chem., 1935, 101, 108; A., 721. 

N, A. Tnnanaev, Vkrain. Chem. J., 1935,10, 15; A., 949; Z. anal. Chem., 
1936,100, 391; A., 719; E. R. Caley, Ind. Eng. Chem. (Anal.), 1934, 6, 445; 
A., 1936, 64. 

B. Reichert, Arch. Pharm., 1935, 873, 232; A., 696; C. N. Potschinok, 
J. Appl. Chem. Btisaia, 1935, 8, 524; A., 1093. 

J. Adams, M. Hall, and W. F. Bailey, Imi. Eng. Chem. (Anal.), 1935, 7, 
310; A., 1337. 

Chem. Listy, 1935, 29, 36; A., 1093. 

** Cf. Feigl, op. cit., p. 260. 

»*« Analyst, 1934, 69, 746; A., 1935, 55. 

Ind. chim., 1934, 9, 1343; A., 1936, 317. 

“ L. Kulberg, J. Gen. Chem. Russia, 1934, 4, 1440; A., 1936, 717. 

” G. B. Heisig and L. K. Heisig, Ind. Eng. Chem. (Anal.), 1935, 7, 249; A., 
1091. 

L. J. Curtman and H. Schneiderman, Bee. trav. chim., 1936, 54, 168; A., 

462. 

J* A. Vassiliou, Praktika, 1933, 8, 324; A., 1936, 62. 

•» H. R. Offord, Ind. Eng. Chem. (Anal.), 1936, 7, 93; A., 694. 

“ H. Freytag, Ber., 1934, 67, [B], 1477; A., 1934, 1321; ibid., 1935, 68, 
[B], 686; A., 718. 

“ A. Blanok, Z. anal. Chem., 1936,101,194; A., 836. 
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nitrite,^ cyanide,ferrioyanides in presence of ferrocyanides,^® 
and chromates.^'^ 

M. Eitel 28 has studied in some detail the colour reactions of nitrates 
and other oxidising agents with solutions of organic reagents, 
especially quinones, in concentrated sulphuric acid. Quinones not 
substituted in the nucleus give colour reactions with nitrate but not 
with nitrite, and p-bonzoquinone is very suitable in this respect 
for solid substances. Diphenyleneglycine in concentrated sulphuric 
acid is, on the other hand, a sensitive reagent for nitrates in aqueous 
solutions. 

Tests which involve inhibition of, or changes in, fluorescence are 
utilised for the detection of chlorine and bromine in air or gas 
mixtures,2 ® of hyposulphites and sulphoxylates and “ nascent 
hydrogen,®® and of nitrites.®^ 

Drop Reactions. —A. ‘‘ Spot ” TeMs. In view of the importance 
and increasing use of drop reactions, the so-called “ spot tests, 
the work done on them during the current period is again ®2 sum¬ 
marised. These tests are finding many applications in mineralogy, 
petrology, and in both pure and applied chemistry, and when they 
are used with discrimination and due regard to possible interfering 
ions, they afiford a valuable analytical weapon for attacking with 
ease problems which could be solved by macro-methods often only 
with difficulty and nuich uncertainty. Unfortunately, there is a 
tendency to regard some of these reactions as specific for a particular 
element when such is not the case. Too frequently, in fact, this 
claim has been based on a survey insufficiently comprehensive to 
justify it. These tests are particularly useful as confirmatory tests 
in an ordinary analysis after a group separation has been carried out, 
and they can deal very successfully with traces or small precipitates 
which so often are inclined to be troublesome in a qualitative analysis. 
In general, they are preferable to tests which depend on the form¬ 
ation and recognition of crystals imder the microscope, in that they 
are quicker and easier to carry out, less susceptible to conditions, 
and much easier to interpret. 

8* L. R. Catalano, Biv. Min., 1931,1, 16; A., 1935, 316; A. C. Bittencourt 
and A. Barreto, Bol. Min. Agric., Bio de Janeiro, 1935, 23, 7; B., 226. 

8® L. J. Curtman and S. M. Edmonds, Jnd. Eng. Chem. {Anal.), 1935, 7, 
121; u4., 696. 

I. M, Korenman, Z. anal. Chem., 1935, 101, 417; A., 1096. 

L. R. Catalano, loc. cit., ref. (24). 

« Z. anal. Chem., 1934, 98, 227; A., 1934, 1322. 

*» H. Eichler, Z. anal. Chem., 1934, 99, 272; A., 1936, 183. 

Idem, ibid., p. 270; A., 1935, 184. 

Idem, ibid., 1936, 100, 183; A., 463, 

88 Cf. Atm. Reporta, 1934, 81, 314. 
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Tests for bimiuth with thiocarbamides and other organic sulphur 
compounds are described and discussed.^® p-Aminophenol hydro¬ 
chloride is a sensitive reagent for copper and iron\ other metals 
are said not to interfere.®^ Copper is also detected by the formation 
of the lilac-coloured compound ZnHg(CNS)4,CuHg(CNS)4.®^ In 
a critical study of the cacothelino test for /m,®® attention is directed 
to the interferences which arise from the presence of many anions 
and cations : the test is by no means specific. The reddish-brown 
coloration obtained with As™ and 8-hydroxy-A-ethyltetrahydro- 
quinoline hydrochloride (kairin) and ferric chloride can detect 
6 X 10 “^® g. of arsenic, but mercury, lead, and copper interfere.®’^ 
A test for antimony in presence of a large excess of arsenic or tin 
is also described.®® Whilst osmium reacts with thiourea only, 
ruthenium compounds react with this reagent and its iV^-alkyl or 
-aryl derivatives to give sensitive, blue to red, colorations,®® which 
are suitable for drop reactions. A solution of strychnine in sul¬ 
phuric acid is applied to the detection of chromate or dichromate 
ions and of manganese 

Indium can be detected by means of alizarin or quinalizarin and 
ammonia vapour, aluminium being suppressed by the addition of 
sodium fluoride, and zinc, nickel, cobalt, manganese, and iron 
being removed from the coloured spot with potassium cyanide.^® 
The catechol test for titanium is not specific, but its sensitive¬ 
ness (1 in 5 X 10 ®) makes it useful for identification after a separation 
has been effected.^ E. Kahane^® discusses G. Deniges^s colour 

J. V. Dubsk^, A. OkA^j, and J. Trtilok, Mikrocheni., 1935, 17. 332; A., 
1096; Z. anal, Chem,, 1935, 100, 408; A., 721; J. V. Diibsk^ and A. Ok45, 
Cham, OhzoTf 1934, 9, 3; A., 1934, 1324; P. Ray and J. Gupta, J, Indian 
Cham, Soc., 1935, 12, 308; A,, 1094, 

S. August!, Mihrochem,, 1935, 17, 118; A., 837. 

L. M. Kulberg, J, Appl. Chem. Russia, 1934, 7, 1079; A., 1935, 

318. 

I. L. Newell, J. B. Ficklen, and L. S. Maxfield, Ind, Eng, Cham. (Anal.), 
1935, 7, 26; A., 319. 

W. Reppmaim, Z. anal, Chem,, 1934, 99, 180; A., 1935, 184. 

** G. Gutzeit, R. Weibol, and R. Duckert, Arch, Set, phys. nat., 1934, [v], 
16. Suppl., 62; A., 1935, 464. 

B. Steiger, Mihrochem., 1935, 16, 193; A., 332. 

S. August!, ibid., 1935, 17, 17; A., 319. 

Idem, Ann. Chim. appl., 1934, 24, 535; A., 1936, 55. 

** A. 8. Komarovski and N. S. Poluektov, Mihrochem., 1935, 16, 227; A., 
318, 

J, Piccard, Ber., 1909, 42, 4343; A., 1910, i, 67; A. Rosenheim, B. Raib- 
mann, and G. Schendel, Z. anorg. Chem., 1931, 196, 160; A., 1931, 446. 

** N. R. Pike, J. B. Ficklen, and I. L. Newell, Ber., 1935, 68, [B], 1023; A., 
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Ann. Chim» analyt., 1935, [iii], 17, 175; A., 951. 
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reaction between manganese and formaldoxime.^® Naphtbazarin 
is used for magnesium The alkali hypoiodite test for this metal 
is disturbed by ammonium, aluminium, and other cations.^® Drop 
reactions for ccesium are few in number, but another test, sensitive 
to 0*25 X 10 ~® g. of Cs per cu. mm., depends on the formation of the 
black compound Cs2Au2PtBrj2. Rubidium reacts only when pre¬ 
sent in certain concentrations, but the other alkali ions and ammon¬ 
ium do not interfere.^® 

The application of these colour reactions to the detection of many 
elements in minerals is described by J. A. Watson,®^ and R. Jirkov- 
sky applies the rhodanine base used by F. Feigl to the estim¬ 
ation of traces of silver in galenitcs and flotation concentrates. 
Procedures are also given for the detection of germanium in ores 
and minerals and in zinc residues. After micro-distillation as the 
tetrachloride, it is converted into the complex germanium molyb¬ 
date, which is caused to oxidise benzidine to benzidine-blue, a 
much-used device in these tests. Certain reactions of germanic 
acid, e.g., with mannitol, etc., resemble those of boric acid, but are 
less sensitive.^ Directions for the detection of many anions are 
given by N. A. Tananaev and A. M. Schapovalenko.^^ Colour 
reactions for iodide^^^ nitrite^^^ elementary sulphur^^^ hydrogen 
peroxide, and ferricyanide in presence of a large excess of ferro- 
cyanide,®® have also been described. 

By suitable modifications of the Mitscherlioh procedure,®^ and of 
the boric acid-alcohol flame reaction,0 002 mg. of phosphorus 
and 0 00076 mg. of boron, respectively, can be detected. 

« Compt. rend., 1932, 194, 895; A., 1932, 491. 

J. V. Dubsk;^ and E. Wagner, Mikrochem., 1935, 17, 186; A., 837. 

S. Angusti, Ann. Chim. appl., 1934, 24, 631; A., 1935, 54. For referonoee 
see F. Feigl, “ Qualitative Analyse mit Hilfe von Tupfelreaktionen,” 1935, 
p. 259. 
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Min, Mag., 1936, 24, 21; A., 590. 
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A. Schonberg, Nature, 1934, 184, 628; A., 1934, 1321; A. Schonberg and 
W. Urban, Ber., 1934, 67, [B], 1999; A., 1935, 184. 

w E. Plank, Z. anal. Ghem., 1934, 99. 105; A., 1936, 62. 

E. Storfor, Mikrochem., 1935, 17, 170; A., 838. 

R. Gros, J. Pharm. Ghim., 1935, [viu], 22, 211; A., 1216. 
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In the tests which have been mentioned, the limiting amount 
of an element or ion which can bo detected is of the order of 
10 "® g. or less, and in practically all of them the presence of other 
constituents necessitates a modified procedure with a resultant loss 
of sensitivity. For those details, however, the original literature 
must be consulted. 

B. Drop reactions involving the recognition of crystalline precipiU 
ates under the microscope. The Behren's tests. This line of work 
continues to be developed. The characteristic crystals formed when 
picric acid is added to salts of sodium, potassium, ammonium, 
barium, calcium, magnesium, beryllium, and other metals are de¬ 
scribed.®® Crystals of Zn[Hg(CNS)4] are used for the detection of 
mercury,®^ and those formed with 2-aminopyridine and sodium 
bromide or potassium iodide are used for gold, bismuth, and anti¬ 
mony.®® In a detailed examination, W. F. Whitmore and H. 
Schneider ®® describe the behaviour of the platinum group and gold 
with various reagents and select the most characteristic tests. They 
also give details for the qualitative analysis of the group as a whole. 

Rhodium yields a yellow crystalline precipitate with ammonium 
mercuric thiocyanate which serves for its identification,®^ and 1% 
of cobalt in nickel can be detected by means of pyramidone and 
ammonium thiocyanate which form characteristic precipitates 
also with cadmium, cobalt, and some other metals, but not with 
nickel.®® Ammonium molybdate can be employed as a micro¬ 
chemical reagent for cerium, aluminium, and certain other elements.®® 

The detection of hydrogen cyanide by means of its catalysis of 
the alloxan-ammonia reaction has been further investigated."^^ 

Finally, E. M. Chamot and R. W. Brickenkamp have described 
the characteristic crystalline precipitates which the polythionic 
acids form with benzyl-^-thiocarbamide, nitron sulpha^, etc., 
and have outlined a scheme for the identification of the oxy-acids 
of sulphur. 

Books, —new edition, revised and enlarged by W. T. Hall, 
of Volume II (“ Quantitative Analysis *') of Treadwell and Hall's 

C. Frangopol, But. Soc. Chim, Rcmidnia, 1934, 37, 269; A., 1935, 949. 

I. M. Korenman, Mikrochem,, 1935, 16, 223; A., 318. 

A. Sd, Anal, Farm, Bioqulm,t 1934, 6, 3; A., 1935, 838. 

Mikrochem., 1936, 17, 279; A., 1096. 

A. Martini, Mikrochem,, 1935, 16, 233; A,, 319. 

** Idem, ibid, 

C. van Zijp, Pharm, Weekblad, 1935, 72, 414; A,, 720. 

G. Benigdfi, Mikrochem,, 1926, 4, 149; A,, 1926, 1222. 

M. T. Koslovski and A. J. Penner, Arch, Pharm,, 1934, 272, 792; A,, 
1935, 64. 

Mikrochem,, 1936, 16, 121; A., 310. 
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text-book has recently been pubUshed. The many changes in the 
text have necessitated a resetting of the entire work. 

A second edition of FeigFs ‘‘ Qualitative Analyse mit Hilfe von 
Tiipfelreaktionen,” which rapidly established itself as a standard 
work, also appeared in 1935 . Additional tests for the metals have 
been included, but the chief feature of the new edition is a section 
which deals with the application of ‘‘ spot tests to organic analysis. 

Sutton’s ‘‘ Systematic Handbook of Volumetric Analysis ” 
(Churchill) has been thoroughly revised and brought up to date 
by A. D. Mitchell. L. S. T. 

Organic Analysis. 

Modifications and improvements have been suggested for the 
detection of elements by sodium fusion,^ the Stepanov^ and the 
ter Meulen 3 method of organic analysis, and the rapid determin¬ 
ation of carbon by the wet oxidation method.^ 

The following reagents have been investigated for the identi¬ 
fication of aldehydes and ketones : o-chloro-,^ p-chloro-,® S-nitro-,*^ 
and p-nitro-benzhydrazide,® and o-tolylscmicarbazide.® p-Chloro- 
benzazide has been investigated as a reagent for the identification 
of primary and secondary amines, whilst 2 : 4 : 6-trinitrobenzoyl 
chloride,o-nitro-, m-nitro-, and 3 : S-dinitro-phenylcarbimides 
have been investigated as reagents for alcohols. 

Mixtures of aromatic nitro-compounds may be rapidly identified 
by optical crystallographic methods.The crystallographic data 
for 20 nitro-compounds are described. 

The violet-red colour given by a solution of iodine and tannin 
when poured into a solution of an electrol3rte is not due to liberated 
iodine, as it is also given when the iodine is replaced by chlorine 
or bromine. 

1 C. L. Tseng, J. Chinese Chem, /S'oc., 1935, 3, 33, 122; A., 876, 1140. 

* C. L. Tseng, M. Hu, and M. C. Chiang, ibid., p. 223 ; A., 1258. 

® J. Gauthier, Bull. Soc. chim., 1936, [v], 2, 322; A., 506. 

* C. B. Pollard and W. T. Forsoe, Ind. Eng. Chem. (Anal.)^ 1935, 7, 77; 
A., 369. 

‘ T. H. Sun and P. P. T. Sah, Sci. Rep. Nat. Tsing Hua Univ., 1934, 2, 
369; A., 1934, 1376. 

• C. Shih and P. P. T. Sah, ibid., p. 353; A., 1934, 1376. 

7 K. C. Meng and P. P. T. Sah, ibid., p. 347; A., 1934, 1376. 

» P. Chen, J. Chinese Chem. Soc., 1935, 3, 251; A., 1269. 

• H. H. Lei, P. P. T. Sah, and C. Shih, ibid., p. 246; A., 1269. 

C. Kao, H. Fan, and P. P. T. Sah, ibid., p. 137; A., 1117. 

M. C. Chang and C. H. Kao, ibid., p. 256; A., 1269. 

F. Hoeke, Rec. trav. chim., 1935, 64, 606; A,, 958. 

E. S. Davies and N. H. Hartshorne, J., 1934, 1830; A., 1935, 102. 

F. Allegri, Boll, chim.^farm., 1936, 74, 666; A., 1244. 
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Quantitative. —^An organic substance may conveniently be estim¬ 
ated by oxidation in 80 % sulphuric acid solution by means of a 
known volume of standard aqueous potassium dichromate solution, 
the excess of which is determined iodometrically.^® The iodine 
values of unsaturated hydrocarbons have been determined by the 
direct action of bromine vapour.^® The reaction is complete in 
10 minutes, and may be used as a microchemical method. 

2 : 4 -Dinitrophenylhydrazine has been investigated as a reagent for 
the determination of carbonyl compounds.^® 

The methods available for the determination of amino-acids 
have been reviewed,^® and numerous methods have been described 
for the determination of individual amino-acids and proteins. 
The difficulties experienced in the determination of the titratable 
amino-groups in proteins may be overcome by replacing the mineral 
acid by either metaphosphoric acid or trichloroacetic acid.^^ 
Sugars, with the exception of rhamnose, may be quantitatively 
precipitated with methyl-alcoholic barium hydroxide solution; 
they may be recovered from the precipitate by treatment with carbon 
dioxide, and determined in the filtrate. Reduction of Fehling’s 
solution by invert sugar, but not by glucose, is retarded by NagHPO^ 
and Na4P207 to an extent increasing with the duration of the re¬ 
action.^ The interference due to calcium in the volumetric 
Fehling’s titration for invert sugar is eliminated by the addition 
of sodium hexametaphosphate.^^ An alkalimetric method for the 
determination of glucose is described,^^ and is claimed to be more 
accurate than the methods ordinarily employed (0 05 % error for 
0 - 1 % solutions). By a method based on the oxidation of maltose 
to maltobionic acid, this sugar may be estimated in the presence 
of sucrose and monoses,^® and a method is described for the de¬ 
termination of fructose in the presence of glucose and sucrose. 
Calorimetry. —Colour reactions continue to attract considerable 

H. C. S. Snethlage, Z. anal CJiem., 1935, 102, 321; A., 1390. 

E. Rossmann, Angew. Ckem., 1935, 48, 223; A.y 728. 

J. Boeseken and P. Pols, jun., Rec. trav, chim.^ 1936, 54, 162; A., 409, 

O. W. Perkins and M. W. Edwards, Amer. J. Pharm.y 1936, 107, 208; A., 

998. 

O. Furth, Sd. Pharm., 1934, 5, 21. 

R. K. Schofield, Trans. Faraday 8oc., 1935, 81, 390; A.. 300. 

R. K. Schofield and L. W. Samuel, Nature, 1934, 184, 666; A., 1934, 1375. 
** T. Baba, Biochem. Z., 1936, 275, 263; A., 329. 

*® A. Maikov, J. Appl Chem. Russia, 1934, 7, 1254; A,, 1936, 329. 

J. O. N. Gaskin, Analyst, 1936, 60, 318; A., 964. 

** E. N. Taran, J. Appl. Chem. Russia, 1936,8,662; A., 1108. 

E. Schapiro and M. N. Proferansowa, Z. WiHs. Zucicerind., 1935, 85, 196; 
A., 609. 

M. Nordlund, Suomen Kem., 1936, 7, 96b; A., 1936, 68. 
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attention, in general as specific tests for individual compounds. 
Such tests are too numerous to record here, but mention is made 
of certain group reactions. The mono-, di-, and tri-nitro-derivatives 
of benzene yield with 5 % potassium hydroxide solution in acetone, 
respectively, no colour, a blue, and a blood-red colour.^® Chloranil 
gives red, violet, and emerald-green colorations with primary, 
secondary, and tertiary amines, respectively.*^^ Compounds con¬ 
taining CH, CHg, or CH3 adjacent to a carbonyl group give red or 
brown colours with slightly alkaline, alcoholic picric acid,®® whilst 
acetic acid and methyl ketones may be detected by the formation 
of indigo tin 

Colorimetric methods are described for the quantitative deter¬ 
mination of glycine in proteins,®® salicylic acid,®® reducing sugars,®^ 
total, residual, and pol3rpeptide nitrogen and urea,®^ polypeptides 
containing a glycyl unit with a free amino-group,®® tryptophan,®^ 
cysteine and cystine,®® nitronaphthalenes ®® hydroxydimorphine,^® 
esters of phytosterol and cholesterol,**^ citral,^® histidine,^® 
quinine,^’and urobilin.^® 

MicrO’imthods .—^The existing apparatus for micro-hydrogen¬ 
ation has been adapted, and, using 1 —3 mg. of material, the 

R. W. Boat and F. Nicholson, hid. Eng. Chem. (Anal.), 1935, 7, 190; 
A., 877. 

J. Siradjian, Bull. Soc. chim., 1935. [v], 2, 623; A., 769. 

M. Goswami, A. Shalm, and B. Mukerjee, J. Indian Chem. Soc.f 1934,11, 
773; A., 1935, 228. 

F. Feigl, R. Zappert, and S. Vasquez. Mikrochcm.y 1935, 17, 165; A., 

877. 

8® A. R. Patton, J. Biol. Chcjn., 1934, 108, 267; A., 1935, 370. 

** J. E. Heesterrnan, Chem. WceJchlad, 1936, 32, 463; A., 1259. 

8* G. A. Bravo, Boll. Uff. Staz. Spcrim. Jnd. Belli, 1935, 18, 81; A., 734. 

*8 E. Herzfeld, Mikrochem., 1936, 17, 155; A., 1044. 

8® M, Polonovski, Compt. rend.. Soc. Biol., 1935, 120, 28; A., 1390. 

8’ S. Winkler, Z. physiol. Chem., 1934, 228, 50; A., 1934, 1376; T. Tomi- 
yama and S. Shigematsu, Proc. Soc. Exp. Biol. Med., 1934, 32, 446; A., 1935, 
877. 

»* K. Shinohara, J. Biol. Chem., 1936, 109, 665; 110, 263; A., 877; 

1110 . 

8* B. P. Fedorov and A. A. Spriskov, J. Qen. Chem. Russia, 1935, 5, 450; 
A., 1116. 

*8 B. Drevon, J. Pharm. Chim., 1936, [viii], 22, 97; A., 1260. 

A. Heiduschka and H, Sommer, Z. Unters. Lehensm., 1935, 89, 75; A., 
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J. Bougault and E. Cattelain, J. Pharm. Chim., 1935, [viii], 21, 437; A., 

733. 

G. Barac, CompL rend. Soc. Biol., 1936, 118, 198; A., 370. 

G. Denig^s, Bull. Soc. Pharm. Bordeaux, 1934, 71, 261; A., 1936, 102. 

8* J. A. Sanchez, J. Pharm. Chim., 1935, [viii], 21, 24; A., 370. 

M. Royer, Compt. rend. Soc. Biol., 1934, il7, 1240; A., 1936, 379. 
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conditions for the comparisons of the velocity of hydrogenation of 
different parts of the molecule have been investigated.^*^ 

Qualitative reactions for monosaccharides,^® formaldehyde,*® 
and nicotine depend on the formation of organic derivatives 
and the subsequent determination of melting points under the micro¬ 
scope. Flavianic acid is recommended for the isolation and identi¬ 
fication of bases. The melting points and the crystallographic 
and optical characteristics are given for the flavianates of 35 bases, 
mostly of biological importance.The characteristic reactions 
for antipyTine,®^ pyramidone,®® and certain organic acids involve 
the formation of crystalline precipitates with inorganic reagents. 
These crystals are distinguished under the microscope by their shape 
and optical properties. Colorimetric tests have been described 
for certain compounds of biological interest, the Liebermann- 
Burchard reaction being extended to include thiophen, furan and 
derivatives, and carotene.®® 

Volumetric estimations involving the use of the micro-burette 
have been described for a-keto-acids by the reduction in acid 
medium of Ce^^,®® for o-nitrophenols by means of methylene- 
blue,®’ and for n-butyric acid by an iodometric method.®® Sucrose 
has been determined in as little as 5 mg. of solution by the direct 
measurement of specific gravity and specific rotation,®® and the 
carbonyl group may be determined by a method involving the use 
of a micro-gas burette.®® 

Colorimetric methods have been employed for a variety of sub¬ 
stances of biological or pharmacological interest, for methyl alcohol,®^ 
and for small amounts of organic arsenic compounds in air.®^ 

K. H. Slotfca and E, Blanke, J, pr. Chem,, 1935, [ii], 143* 3; A., 862. 

R. Fisher and W. Paiiliis, Arch. Pharm,, 1936, 273, 83; A., 477. 

R. Fosse, P. de Graeve, and P. E. Thomas, Compi. rend., 1935, 200, 1460; 
A., 877. 

R, Fischer and W. Paulus, Mikrochem., 1936, 17, 356; A., 1141. 

W. D. Langley and A. J. Albrecht, J. Biol. Chem., 1935, 108, 729; A., 

639. 

*** M. Wagenaar, Pham. Weehblad, 1936, 72, 642; A., 877. 

Idem, ibid., p. 612; A,, 877. 

** A. J. Steenhauer, ibid., p. 667; A., 998. 

V. E. Levine, E. Ricliman, and G. E. Bien, Proc. Soc. Bxp. Biol. Med,, 
1934, 31, 682; A., 1934, 1376. 

C. Fromageot and P. Desnuelle, Biochem. Z., 1935, 279, 174; A., 1223. 

A. Bolliger, J. Proc. Boy. Soc. N.S.W., 1934, 68, 51; A., 1936, 1141. 

L. Kline, Biochem. Z., 1934, 273, 1; A., 1934, 1331. 

»» R. Rentier, Mikrochem., 1935, 16, 133; A., 330. 

F. von Falkenhaiasen, Z. anal. Chem., 1934, 99, 241; A., 1935, 228. 

M. Nicloux, Bull, Soc, Chim, biol., 1936, 17, 194; A., 1044. 

•2 M. Juredek, Coll, Czech. Chem. Comm., 1934, 6, 468; A., 1935, lOL 
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Apparatus ,—Crucibles containing sintered-glass plates (Schott 
No. 4 ) are attacked by alkali and may lose 2—3 mg. when used for 
weighing cuprous oxide in Allihn’s method for determining sugars. 
The difficulty is overcome by cleaning the crucible in succession 
with dilute nitric acid, water, alcohol, and ether after use, weighing 
it, and allowing for the loss.®® 

During distillation, ‘‘ bumping ” is prevented by the presence 
in the liquid of a sintered-glass disc, through which a stream of 
air or carbon dioxide is passed.®^ If two right-angled bends 10—15 
crn. apart are inserted between the inlet end and the condenser 
jacket of a Liebig condenser, increased turbulence of the vapours 
causes more efficient condensation and fewer fractures occur.®® 
Apparatus is described for the analysis of organic liquids by fractional 
distillation,®® the fractional distillation of small volumes of liquids,®’ 
and the simple regulation of pressure during a vacuum distillation.®® 

Suggested modifications of the Soxhlet apparatus enable quanti¬ 
tative extraction to be obtained,®® and an apparatus is described 
in which the solvent vapour is condensed and allowed to pass 
through the material at any desired temperature below the boiling 
point.’® R. W. W. 

Water Analysis. 

In the decade which has elapsed since water analysis last received 
mention in these reports, a very large volume of literature has ap¬ 
peared and it will only be possible here to detail some of the more 
important chemical work. Concurrently, bacteriological methods 
have also been improved, and the bacteriological examination is 
still of paramount importance where the hygienic quality of the 
water is under consideration. 

Various attempts have recently been made to devise some roughly 
quantitative method of estimating the intensity of the taste and 
odour of water. The maximum dilution in which a taste or odour 
is still apparent is termed the “ threshold value,*' ^ and dilution is 
best performed with water which has been completely deodorised 
with activated carbon.^ An alternative method of measurement 
is by means of the osmoscope,” in which definite dilutions of the 

P. Balavoine, Mitt, Lebermn, Hyg,y 1935, 25, 323; A., 699. 

M. Mattikow, Ind, Eng, Chem, (Anal,), 1935, 7, 136; A,, 599. 

H. Schaiiz, Chem.-Ztg., 1936, 69, 468; A., 952. 

H. S. Bang, Proc. Nova Scotian Inst. Sci., 1934,18, 272; A., 1986, 1098. 

W. Swientoslawski, Pocz. Chem., 1934, 14, 614; A,, 1936, 321. 

O. J. Schierholtz, Ind. Eng, Chem. (Anal.), 1935, 7, 284; A., 1098. 

A. G. Kuhlmann, Z. Unters, Lebensm., 1935, 69,221 ; A., 724. 

’0 F. W. Neumann, Chem. Eabr., 1935, 8, 326; A., 1218. 

" C. H. Spaulding, Amer. J. Public Health, 1931. 21, 1038. 

* O. Gullans, J. Amer. Water Works Assoc., 1933, 25, 974. 
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odour with air may be arranged. The intensity of odour is then 
denoted by the number of times that the odour must be diluted 
with an equal volume of odourless air in order to reach the threshold 
value.® 

The discovery that extremely minute quantities of phenols are 
liable to give rise to taste in chlorinated water has stressed the need 
for accurate methods for their determination. J. R. Baylis^ has 
based a method on the Gibbs indophenol test (blue coloration with 
quinone-chloroimides), the actual reagent employed being 2 : 6- 
dibromoquinone-chloroimide. The pn cf the solution is an important 
factor and should not vary by more than 0*2 unit either way, 
so all test solutions must be highly buffered. By use of a suitable 
distillation technique, the method is claimed to be capable of de¬ 
termining 1 part of phenol in 1000 million parts of water. Several 
workers ^ have also employed colorimetric methods based on the 
coupling of the phenol with diazotised p-nitroaniline. The method 
is sensitive to 0 05 part of phenol per million, although smaller con¬ 
centrations may be determined if the phenol is first concentrated 
by distillation. 

Attention has been paid to the o-tolidine method of determining 
free chlorine in water, and a study has been made of the possible 
interfering substances. Experiments ® show that the formation 
of the yellow colour with the reagent is probably due to oxidation 
rather than chlorination, and that cliloroamines may also produce 
the colour although more slowly (10—20 minutes) than chlorine. 
Nitrites and tervalent manganese or iron also give a yellow colour 
with the reagent. Manganic salts do not interfere if previously 
reduced to the bivalent state by addition of a dilute solution of 
hydrogen peroxide,® or alternatively they may be removed by 
coprecipitation with magnesium hydroxide. It is stated ® that, 
although free chlorine and nitrite cannot co-exist for long in distilled 
water, chloroamine and nitrite can exist simultaneously in neutral, 
but not in acid, solution. 

Interference of nitrite may be prevented by a preliminary treat¬ 
ment with hydrogen peroxide,® or a suitable correction factor may 

« G. M. Fair and W. F. Wells, Water Works Eng., 1934, 87, 1051. 

* J. Amer. Water Works Assoc., 1928,19, 597. 

* S. Hilpert and R. Gille, Angew. Chem., 1933, 46, 326; Nolte, Chem.-Ztg., 

1933, 67, 654; T. Folpmers, Chem. Weekhlad, 1934, 81, 330; B., 1934, 606. 

® H. W, Adams and A. M. Bnswell, J. Amer. Water Works Assoc., 1933, 85# 
1118. 

’ R. D. Scott, iUd., 1934, 26, 634. 

• D. Tarvin, H. R. Todd, and A. M. Buswell, ibid., p. 1646. 

• 0. H. H. Harold, Ann. Report of Director of Water Examination, M.W.B., 

1934, p. 4. 
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be applied to tbe o-tolidine indication.^ The use of four times the 
concentration of hydrochloric acid normally employed in the test 
prevents interference of ferric salts. 

It is noteworthy that more than 0*2 part per million of free 
chlorine produces a pink coloration in the m-phenylenediamine 
test for nitrites. 

New tests for nitrites in water depend on the blue coloration pro¬ 
duced with neutral-red, and the yellow coloration with benzidine; 
also on the orange coloration formed on boiling with 2 : 6-di-iodo- 
phenolsulphonate, and the red colour after boihng with catechol 
and then rendering alkaline. 

In distilling off free ammonia from polluted waters, it has been 
shown that addition of sodium carbonate before distillation may 
cause hydrolysis of organic nitrogenous compounds. It is therefore 
preferable to substitute a phosphate buffer solution which main¬ 
tains a constant of 7-4 throughout the distillation. The 
ammonia is then recovered quantitatively and the hydrolytic 
action is minimised.^® 

It is still a fact that the methods available for the chemical exam¬ 
ination of the organic matter in waters are somewhat empirical. 
An attempt has been made by J. W. Haigh Johnson to correlate 
the oxygen absorbed ” and the “ albuminoid ammonia ’’ test by 
means of an “ oxy-albuminoid method. In this method, the 
sample, after removal of free ammonia, is refluxed with a standard 
alkaline permanganate solution for 30 minutes. Aliquot portions 
are then taken, and the unreduced permanganate and the albumin¬ 
oid ammonia are determined. The oxygen absorbed from perman¬ 
ganate in this method is stated to be about four times that absorbed 
from acid permanganate, and is therefore in closer agreement with 
the biological oxygen demand. Moreover, the albuminoid ammonia 
is quickly distilled and definite in amount. 

The urease method has now been applied to the determination 
of urea in water, and a technique has been described by which 
0*004—0*200 mg. of urea may be determined. According to M. H. 
MoCrady,^'^ the present evidence indicates that urea in water is 
specific proof of excretal pollution. 

R. D. Scott, J, Amer, Water Works Assoc.^ 1934, 26, 1234. 

J. C. Harral and F. W. M. Jaff^, Analyst, 1932, 67, 308; R., 1932, 641. 

1* M. S. Vergnoux, Ann. Chim. analyt., 1929, 11, 366. 

1* G. Carpentier, Union PharmacetU., 1932, 72, 162; Chem.-Zenir., 1932, 
[ii], 3761. 

1* A. Oastiglioni, Oazzetta, 1932, 62, 1066; A., 1933, 243. 
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Analyst, 1927, 62, 130. 
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The test for the biological oxygen demand of polluted waters has 
continued to receive attention, particularly in America. The 
character of the water used for dilution in the test is an important 
factor in obtaining concordant results. Current American prac¬ 
tice employs distilled water which is buffered with 0*03% of 
sodium bicarbonate and does not absorb more than 0-2 part per 
million of dissolved oxygen in 5 days at 20°. The of the sample 
is best adjusted before dilution to fall between 6*5 and 9-0, and the 
dilution in which the oxygen has been depleted nearest to 60% 
of the original content is recommended for the calculation of the 
oxygen demand. 

A rapid method for the estimation of dissolved oxygen is based 
on the production of a reddish-brown colour with amidol. Solutions 
of potassium citrate and of amidol are added to the sample in a 
stoppered tube, and the colour is matched against permanent 
standards prepared from solutions of cobalt chloride and potassium 
dichromate.^ 

G. W. Hewson and B. LI. Bees have applied the electrical 

dead-stop end-point method to the titration of the small 
amounts of iodine liberated when determining the dissolved oxygen 
in de-aerated waters by the Winkler method. For these low iodine 
concentrations the starch-iodide end-point is not sufficiently 
sensitive. The electrical method depends on the fact that if two 
platinum electrodes having a small potential difference (15 mv.) 
are immersed in the solution during the thiosulphate titration, 
the cathode becomes completely polarised at the end-point and no 
current then passes. A back titration technique is described 
whereby variations of iodine concentration equivalent to 0*001 
ml. of oxygen per litre may be detected. 

In the Winkler method for the determination of alkaline hydr¬ 
oxides in the presence of carbonate and sulphate, the precipitate 
of barium sulphate is liable to cause considerable error by occluding 
hydroxide. The error is minimised if strontium chloride is used 
in place of barium chloride,^ but the solution then requires boiling 
before subsidence and subsequent titration of the supernatant 
liquid. 

Various volumetric methods for the determination of sulphate 

“ Standard Methods for the Examination of Water and Sewage,” 
American Pub. Health Assoc., 1933, p. 89. 

6th Annual Report, Ohio Conference on Sewage Treatment, 1932, 61, 
Appendix III; see Water Pollution Research Abstract, 1934, No. 983. 

M. L. Isaacs and F. W. Gilcreas, Sewage Works' J., 1936, 7,435; B., 928. 

J. Soc. Chem. Ind., 1935, 54, 264t; B., 832. 

** C. W. Foulk and A. T. Bawden, J, Amer, Chem, Boc., 1926, 48, 2046. 
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in water have been described in recent years and among these are 
modifications of the well-known barium chromate method.^ 
Alternatively, the sulphate may be precipitated with standard 
barium chloride, excess of which is titrated with sulphuric acid 
using sodium rhodizonate as internal indicator,or with an alcohol- 
glycerol solution of potassium palmitate using phenolphthalein.^® 
An approximate method has also been based on the reaction of 
sulphate with a suspension of barium carbonate, the sodium car¬ 
bonate produced being titrated.^^ Volumetric methods of sulphate 
determination are especially valuable in the routine analysis of 
boUer water, and a critical examination of the various methods 
indicates that the palmitate method is most suitable for this 
purpose. 

According to L. A. Thayer, 2 ® the colorimetric method of F. 
Di6nert and F. Wandenbulcke {Compt. rend., 1923, 176, 1478) 
for the determination of silica by conversion into silicomolybdate 
is inaccurate if appreciable amounts of iron or phosphate are pre¬ 
sent. In such cases a preliminary procedure is recommended in 
which iron is removed as ferric phosphate in acetic acid solution 
and the excess phosphate is precipitated as calcium phosphate. 
The filtrate is then tested for silica by the colorimetric method. 

A survey of the methods of testing for traces of cyanides in water 
has shown that the best procedure is to distil it with tartaric 
acid (under reduced pressure if phenols, fatty acids, etc., are pre¬ 
sent) and then to examine the distillate. The Prussian-blue test 
is, of course, specific for cyanide in the absence of ferrocyanide, 
and it is recommended when the concentration of hydrogen cyanide 
is over 1 in 250,000. For lower concentrations, it is advisable 
to employ the nephelometric silver cyanide method or the colori¬ 
metric method based on the production of phenolphthalein from the 
phthalin in the presence of cyanide and a trace of copper. Neither 
the silver cyanide nor the phenolphthalein method is, however, 
specific. 

The determination of small quantities of fluoride in water has 
recently assumed prominence owing to the probable association 
of fluorine with mottled tooth-enamel. For this purpose H. V. 

** G. Nachtigall and F. Raeder, Arch. Hyg., 1928, 100, 31; R. Schmidt, 
Z. anal. Chem., 1930, 82, 353. 

B. Paschke, Z. Unters. Lebensm., 1931, 62, 378; B., 1932, 60. 

P. Hamer, J. Soc. Chem. Ind., 1935,54, 250t ; G. Ammer and H. Schmidtz, 
Vom Wasser, 1933, 7, 186. 

D. Northall-Laurie, Analyst, 1931, 56, 626; B., 1931, 909. 
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Churchill®^ has employed the volumetric method in which the 
fluoride is converted into ferric fluoride by the addition of standard 
ferric chloride solution, the excess of which is determined iodo- 
metrically. Several workers®® have also applied the de Boer 
zirconium-alizarinmonosulphonate reagent to this problem. The 
reddish-violet colour produced by this reagent in acid solution is 
discharged by traces of fluorine, and a technique has been described 
by Barr and Thorogood whereby 5 parts of fluorine per million 
may be determined directly to within 0*1 part. Calcium, iron, 
sulphate, phosphate, and organic matter are, however, all apt to 
interfere, and for greater accuracy it is preferable to distil the fluorine 
as silicon tetrafluoride and apply the test to the distillate,®® or to 
employ standards of similar composition to the sample.®^ The test 
may be made more delicate by the use of quinalizarin ®® or purpurin ®® 
in place of alizarin. 

The quantity of iodide present in natural waters is usually 
extremely small, and it is necessary to employ very large samples 
(preferably 25—100 litres) for its determination. J. J. Hinman 
recommends that the solids obtained by evaporation should be 
ignited, with precautions to avoid losing iodine, which is then 
liberated by addition of nitrosylsulphuric acid, extracted with 
carbon tetrachloride, andmatched against standards. InMartindale’s 
method,®® the iodide is extracted from the solids with 95% alcohol, 
and the iodine liberated with nitrous acid and matched in ethereal 
solution. 

A method for the determination of lead in waters containing iron, 
copper, and organic matter has been based on its adsorption on 
calcium carbonate.®® Potassium cyanide is added, and the sample 
shaken for an hour with the calcium carbonate, which is then filtered 
off* and dissolved. The solution is treated with ammonium per¬ 
sulphate to oxidise organic matter, iron is reduced with hydrazine 
dihydrochloride, and the lead then determined by the usual colori¬ 
metric (Winkler) method. 

The white precipitate produced by zinc with sodium diethyldi- 

Ind. Eng, Chem., 1931, 23, 996. 

E. Elvove, U.S. Pub, Health Reports^ 1933, 48, 1219; J. M. Sanohis, 
Ind. Eng. Chem. (Anal.), 1934, 0, 134; G. Barr and A. L. Thorogood, Analyst, 
1934, 69, 378. 

** C. S. Boniff and G, B. Abbott, Ind. Eng. Chem. (Anal.), 1933, 5, 236. 

Barr and Thorogood, loc. cit., ref. (32). 

■* O. M. Smith and H. A. Butcher, Md., 1934, 6, 61, 

I. M. Kolthoff and M. E. Stansby, ibid., p. 118. 

J. Amer. Wafer Works Assoc., 1928, 19, 666. 

« Extra Pharmacopceia,” 1929, Vol. 11, 424. 

»* J. F. Keith and J. de Beus, Chem. Weekblad, 1936, 32, 206; R., 627. 
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thiocarbamate may be used for the turbidimetric determination 
of traces of the metal in water.^® The reagent is stated to be as 
sensitive as ferrocyanide. 

For the determination of very small quantities of silver 
in waters disinfected by oligodynamic action), the metal may be 
matched colorimetrically after addition of Rochelle salt and sodium 
siilphide.^^ In a further method the silver is filtered off as iodide 
through a membrane of porosity l(x, an aqueous solution of hydro¬ 
gen sulphide passed through the membrane, and the density of 
the resulting coloration of the membrane compared with standards, 
It is claimed that 0-0025 part of silver per million may be determined 
in this way if sufficiently large samples are examined with a mem¬ 
brane of small area. It has, however, been maintained that the 
only reliable method of determining the strength of an oligodynamic 
water is by comparing its bactericidal action against a standard 
silver solution prepared by shaking distilled water with silver oxide. 

It seems likely that the application of micro-methods to the 
chemical examination of water may well offer considerable advantages 
in certain cases. C. Urbach has recently described various photo¬ 
metric micro-methods for the analysis of water. It is stated that 
nitrates, nitrites, ammonia, magnesium, calcium, sulphate, phos¬ 
phate, silicate, lead, and iron may all be determined in this way. 

G. U. H. 

G. U. Houghton. 

L. S. Theobald. 

R. W. West. 
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Androstanediol, 408. 

Androstanedione, 408. 

Androstenedione, 409. 

n- and iso-Androsterones, 408. 

Ammonia sidcata, lipoohroma from, 
304. 

Aneurin. See Vitamin-Bj. 

Angler fish, astocene in, 300. 
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Anhalinine, 336. 

Anhaloziine, structure of, 336. 
(i^Anhalonine, resolution of, 336. 
Anhalonium L&mni% alkaloids from, 
336. 

Anhydro-osazones, 276. 

“ Anhydrone.” See Magnesium per- 
chlorate. 

Anhydro-psicose, conversion of fruc¬ 
tose into, 283. 

Anhydro-sugars, 280. 

Animals, biochemistry of, 401. 
Anisole, oxygen valency angle in, 135. 
Antheraxanthin, 304. 

Antimony, detection of, 472, 474. 
Antimony alloys with aluminium, 
178. 

with lead, 171. 
with magnesium, 170. 
with thallium, 205. 
with tin, 179. 

Antipyrine, detection of, 478. 
Apocinchene, 337. 
n- and iso-Apoquinidines, 338. 
Apoquinine, 338. 

Arabinose, mutarotation of, 272. 
jS-Z-Arabinose, rotation of, 272. 
d-Arginine anhydride totrahydro- 
chloride, 417. 

Argon, thermal analysis of mixtures 
of boron trifluoride and, 169. 
Aromatic compounds, structure of, 
229. 

Arsenic, detection of, in presence of 
antimony, 469. 
determination of, 459, 

Arsenic alloys with tin, 179, 206. 
Arsenides, structure of, 208. 

Ascorbic acid, synthesis and deter¬ 
mination of, 404. 

Aspergillus glaucus, pigments from, 
447. 

Aspergillus melleus, mellein from, 448. 
Aspergillus niger, mineral nutrition 
of, 441. 

respiratory exchange of, 446. 
AspergiUus terreuSf terrein from, 448. 
Asphalt, porphjnrins in, 398. 

Astacene, 300. 

Astticus gammarus. See Lobster. 
Atebrin, 421. 

Atomic nuclei, masses of, 18. 
transmutation of, 19. 
light, table of radioactive trans¬ 
formations of, 28. 

Atomic weight of protoactinium, 16, 
146. 

of thorium, 146. 

Atoms, partition function for, 71. 
Atirantin, 448. 

Auroglaucin, 447. 

Auxins, 426. 

determination of activity of, 427. 


Amfrin, structure of, 293. 
Azafrinals, 296. 

Azomethane, decomposition of, 100. 


Bacteria, purple, carotenoids from, 
305. 

purple and red sulphur, pigment 
from, 396. 

Bacteriochlorophyll, 396. 

Bacterio-methyl phsoophorbide a, 397. 

Barium alloys with aluminium, 177, 
205. 

with silver, 174. 
with tin, 179. 

Beans, djenkol, amino-acid from, 418. 

Beetroots, sugar, dry rot and heart 
rot of, as boron-deficiency dis¬ 
eases, 440. 

Benzaldehyde, condensation of, with 
glucose, 279. 

Benzene, structure of, 242. 
valency angles in, 126. 
entropy of, 89. 

Benzene, Aexochloro-, structure of, 
195. 

nitio-derivatives, colorimetry of, 
477. 

p-dinitro-, structure of, 232. 

8-Benzhydryl-1 -naphthoic acid, 
methyl ester, action of, with 
phenyl-lithium, 249. 

Benzophenone, valency angles in, 133. 

Benzophenoneoxime picryl ether, 
Beckmann transformation of, 
103. 

Benzoquinone, structure of, 231. 

Benzoylauramine-G as indicator, 466. 

Bonzthiazole, thiol-, as analytical 
reagent, 457. 

Benzyl halides, valency angles in, 
135. 

2 : 4-Bonzylidene sorbitol, 280. 

Beri-beri, human, treatment of, 403. 

3-Benzyl-3 : 4 : 6 : 6-tetrahydro- 
norharman, 3-m-hydroxy-, 342. 

Beryllium, allotropy of, 204. 
nuclear mass of, 17. 
determination of, 462. 

BerylUum alloys with copper, iron, 
and nickel, 203. 

Beryllium bromide and chloride, 
dipole moments and structure of, 

137. 

carbide, structure of, 206. 

Beryx decadactylus. See Goldfish. 

Bleaching powder, constitution of, 
168, 195. 

Birmite, structure of, 208. 

Biochemistry, 400. 

Biotin, 431. 

CIS- and ^ratw-Bis-onZi-benzylmethyl- 
glyoximes, 161. 
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Bisethylenodtaminoplatinous salts, 
configuration of, 163. 

Bismuth, detection of, 472, 474. 

Bismuth alloys with calcium, 172. 
with lithium, 173. 
with thallium, 167, 205. 

“ Bohemium,’* 147- 

Boracite, structure of, 214. 

Borates, structure of, 214. 

Boric acid, structure of, 213. 

Boron in plants, 440. 
detection of, 473. 

Boron carbide, structure of, 206. 
trichloride, dipole moment and 
structure of, 136. 

trifluorido, thermal analysis of 
mixtures of argon and, 159. 
trioxide, crystalline, 214. 

Brass, structure of various forms of, 
181. 

Bromine, reaction of, with hydrogen, 
90. 

Bryophyllum crenatinm, growth in¬ 
hibitor from leaves of, 426. 

Bufotenine, synthesis of, ,346. 

Butadiene, polymerisation of, in 
presence of lithium, sodium, and 
metal alkyls, 258. 

ficc.-Butyl iodide, decomposition of, 

102 . 

n-Butyric acid, determination of, 478. 


Cactus alkaloids, 336. 

Cadmium, isotopes of, 16. 
detection of, 469. 
determination of, 457. 

Cadmium alloys with copper, 174. 
with lithium, 172, 204. 
with magnesium, 175. 

Cadmium bromide, structure of, 188. 

Csosiura, detection of, 473. 

C«B8ium alloys with sodiiun, 172. 

Caesium nitrate, structure of, 218, 

Calciferol, 405. 

Calcium, detection of, 470. 
determination of, 464. 

Calcium alloys with bismuth, 172, 
with gold, 172. 
with lead, 180. 
with silver, 174. 

Calcium boride, structure of, 206. 
sulphate, urea compound, 223. 

Calorimeter, 114. 

Camera, Weissenberg, 194. 

Canavanine, 418. 

Caoutchouc, a- and jS-forms of, 261. 
soluble, insoluble, and vulcanised, 
264. 

Capsanthin, 301. 

Capsicum armmim. Sec Pepper, red. 

Capsorubin, 301. 

Carbides, structure of, 205. 


Carbocyclic compounds, 305. 
Carbohydrates, 272. 

structure of, 236. 

Carbon black, structxire of, 207. 
Carbon aw^fluoride, structure of, 207. 
mo??oxide, entropy of, 88. 
adsorption of, by palladium oxide, 
111 . 

on zinc chromite. 111. 
reaction of, with nitrogen mon¬ 
oxide, 102. 

dioxide, structure of, 225. 

Carbonyl compounds, determination 
of, 476. 

sulphide, explosion limit for oxid¬ 
ation of, 101. 

reaction of, with water, 103. 
ci«-di-3-Carboxy - 1 : 1-dimethylcycZo- 
propane-2-propionic acid, syn¬ 
thesis and resolution of, 321. 
Carboxyl group, structure of, 228. 
Carenea, 321. 

Carica papaya^ caricaxanthin from, 
296. 

Garlic acid, 447. 

Carlosic acid, 447. 

Carolic acid, 447. 

Carolinic acid, 447. 

Carotene, detection of, 478. 
a-Carotene, 292. 

)3-Carotene, 292. 

Carotenoids, 291. 

/3-Carotenone aldehyde, 293. 
Carvomenthols, 320. 

Carvomenthones, 320. 
Caryophyllones, 326. 

Catalysis, heterogeneous, 116. 
Catalysts, activation of, by secondary 
constituents, 119. 
solid, surface structure of, 115. 
Cedreno, 329. 

Cellulose, structure of, 237, 284. 

distribution of, in algse, 449. 
Cerium timgstate, structure of, 218. 
Chabazite, structure of, 216. 

Chain growth, mechanism of, 260. 
Chemotherapy, 421. 

Chitin, 289. 

Chitose, 289. 

Chloral, effect of iodine on decom¬ 
position of, 102. 

Chlorates, determination of, 467. 
Chlorin e, 366. 
alkaline degradation of, 368. 
reduction of, 376. 

Chlorin /, 386. 

Chlorine, determination of, in water, 
480. 

Chloroform, valency angles in, 128. 
Chlorophyll, 362. 
formulae for, 380. 

allomerisation and phase test for, 
386. 
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ChJorophyll derivatives, conversion 
of, into poiphyrins, 368. 
Chlorophyll a, 374. 
structure of, 390. 
partial synthesis of, 394. 
optical activity of, 391. 

Chlorophyll 6, 395. 

optical activity of, 391. 
Chlorophyllides, 364. 
f>oChlorophyllins, 367. 

Choline esterase, 424. 

Chromates, detection of, 472. 
Chromium, determination of, 462. 
Chromium alloys with aluminium, 
178- 

Chromium carbide, 202. 
nitrides, 201. 

Chrysene, structure of, 230. 

Cinchene, 337. 

Cinchona alkaloids, 337. 

Cinnamic acid, methyl ester, cia^ 
frans-isomerism of, 108. 

Cinnamic acid, methyl ester, iso¬ 
merism of, 102. 

Citric acid, formation of, by moulds. 

444. 

Clays, minerals of, 216. 

Clove oil, caryophyllenes in, 325. 
Clovene, 327. 

Clovonic acid, 327. 

Coal, porphyrins in, 398. 

Northumbrian, gallimn and ger¬ 
manium in, 165. 

Cobalt, 4-covalent, configuration of, 
160. 

detection of, 470, 474. 
determination and separation of, 
463. 

Cobalt alloys with aluminium, 
178. 

Cobalt silicide, 202. 
sulphide, precipitated, composition 
and properties of, 163. 
sulphoxylate, 153. 

Coir, structure of, 238. 

Colloids, X-ray and electron methods 
applied to, 195. 

Colusite, structure of, 208. 

ConifercBf manganese in, 439. 
Convolvamine, 340. 

Convolvicine, 340. 

Convolvidine, 340. 

Convolvine, 340. 

Convolmdus pseitdocantabricuSf alk¬ 
aloids of, 340. 

Copper, 4-covalent, configuration of, 
162. 

detection of, 468, 472. 
determination and separation of, 
468. 

Copper alloys, 173. 
with gold, 171, 184. 
with magnesium, 171, 199. 


Copper alloys with silver, 171. 
with tin, 171. 
with zinc, 171. 

Copper compounds, co-ordination, 

220 . 

Copper oxide, structure of, 210. 

catalytic, activation of, by 
aluminium and cliroiniuni 
oxides, 119. 

silicide, structure of, 203. 
sulphate pentohydrate, structure of, 
222 . 

Coproporphyrin, 398. 

CoraUina officinaHa, constituents of 
extracts from, 449. 
^-Corynanthine, 341. 

Cotton plants, utilisation of am¬ 
monium salts by, 436. 
o-Oesolphthalein as indicator, 456. 
Crocetin, 303. 

<ra7W-Crocetin dimethyl ester, thennal 
degradation of, 303. 

Crotonic acid, hydrogenation of, in 
presence of platinum, 118, 
Crystallography, 193. 

Crystals, physics of, 181. 
chemistry of, 197. 
plasticity of, 191. 
molecular, 223. 
real, properties of, 189. 

Cristobalite, structure of, 188. 
Cucurbitaxanthin, 296. 

Cucurbitene, 296. 

Curaro alkaloids, 351. 

Curine, 351. 

Cyanide ion, structure of, 217, 
Cyanide radical, partition function 
of, 74. 

Cyanides, determination of, in water, 
483. 

Cyanogen bromide as volumetric 
standard, 452. 

Cyanomaclurin, 260. 

Cyanuric triazide, structure of, 233. 
Cybotactic groups, 242. 

Cjmiarose, structure of, 273. 


Dauricine, 352. 

Decahydronaphthalenes. See De- 
caUns. 

Decalins, 307. 

Decalols, 308. 

Decalones, 308. 

Decane, structure of, 242. 

Decoic acid, <o-hydroxy-, poly¬ 
amides and polyesters from, 267, 
268. 

De-ethylphylloerythrin, 382. 
I>e-ethylpyrroporphyrin, 382. 
fsoDehydroan^osterone, 409. 
Dehydronoroaryophyllenio acid, 325. 
Deoxophylloerythrin, 398. 
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Deoxophylloerythrin, synthesis of, 
377. 

Deoxophylloerythro-setioporphyrin, 

398. 

Deuterium {heavy hydrogen)^ separ¬ 
ation of, 40. 
properties of, 44. 
entropy of, 88. 

zero-point energy of, and its 
reactions, 98. 

interchange reactions with, 43. 
exchange of, with hydrogen, by 
enzynies, 49. 

catalysis in reactions with, 119. 
in study of acid-base catalysis, 49. 
reduction of ethylene by, 118. 
determination of, 42. 

Deuterium (compounds, 47. 
spectra of, 64. 

Deuterium oxide {heavy water), 46. 
properties of solutions in, 48. 

Deuterons, disintegration by, 122. 

Dextrine, Schardinger’s, 287. 

Diamine-fast-Bordeaux-6BS, 456. 

Diamine-fast-vdolet-BBN, 466. 

Diamonds, optical and photoelectric 
properties of, 184. 

1:2:5: 6-Dibenzanthraceno, optical 
and magnetic properties of, 230. 

Dibenzyl, structure of, 231. 

Dicliromates, detection of, 472. 

Dickite, synthesis of, 217. 

Dicyclic compounds, 306. 

4 : 5-Dideuterocoprostanone, 48. 

Dideuteromalonic deuteracid, 48. 

Dienes, conjugated, polymerisation 
of, 266. 

Diothylacetal, acid hydrolysis of, 
104. 

Diethylmercury, dipole moment and 
structure of, 137. 

Digitalose, structure of, 272. 

/tcteroDihydrocinchonine, 338. 

22 : 23-Dihydroergosterol, 406. 

Dihydrolysergic acid, action of 
potassium hydroxide on, in 
hydrogen, 348. 

a- and /3-Dihydroly^rgols, 346. 

Dihydrophaeophorbide, formation 
and properties of, 384. 

j3y-Dimethylbutadiene, polymerides 
of, 267. 

6 : 7-Dimethyl-9-d-l'-lyxitylitfoallox- 
azine, 368. 

DimethylphsBopurpurin, 7, 387. 

6:7- Dhnethyl - 9 -d-1 '-ribityl woallox- 
azine, 366. 

Dimethylthallium halides, structure 
of, 220. 

Diosphenol, catalytic hydrogenation 
of, 321. 

Diphonio acid, 4:6:4': 6'-<e<ra- 
bromo-, racemisation of, 247. 


Biphenic acid, 6-nitro-6'-amino-, 6'- 
acetyl derivative, resolution of, 
248. 

Diphenyl, and its comiwunds, 246. 

Diphenyl ether, pp'-aiiodo-, oxygen 
valency angle in, 131* 
ethers, oxygen valency angle in, 
130. 

sulphides, sulphur valency angle 
in, 130. 

sulphoxide, valency angles in, 134. 

Diphenylbenzidinesulphonic acid, 
sodium salt, as indicator, 465. 

Diphenylcarbazone as indicator, 466. 

d- and Z-Diphenyldinaphthylallenes, 
243. 

ao-Diphenylethylene derivatives, 
valency angles in, 134. 

Dipbenylmercury, and dibromo-, 
dipole moments and structure of, 
137. 

Diphenylmethane, valency angles in, 
133. 


ay - Diphenyl - y - naphthylallene - a - 
carboxylic acid, carboxymethyl 
esters, 243. 

Diphenylsnlphone, valency angles in, 
i3i 


Dipole moments, calculation of 
valency angles from, 126. 

1 : 2-3 : 6-Dii50propylidene gluco 

furanoso, 279. 

1 : 2-6 : 6-Dii«opropylidene d 

glucofuranose, 278. 

2:3-6: 6-Dii«opropylideno d 

mannofuranose, 278, 

2 : 3-5 : 6-Dii?opropylidene methyl 

mannofuranoside, 278. 

2 : 3-4 : 6-Dmopropylideno a 

mothylmannopyranoside, 278. 

2 : 3-4 : 0-Diiwpropylidene Z-sorbo 

furanose, 279. 

1:2-3 ; 6-Dii«opropylideno xylo 

furanose, 279. 

Dithionates, formation of, from 
sulphites, 160. 

4 : 4'-Ditolyl, 2 : 6-d?‘bromo-3 : 3'- 
diamino-, partial resolution of, 
247. 


p-Divinylbenzene, poljTuerisation of, 
263. 

polymerisation of mixtures of 
styrene and, 261. 

Djenkolic acid, 418. 
Dodecahydrobenzanthracene, struc¬ 
ture of, 230. 

Drop reactions, 471. 

Drought, resistance of plants to, 436. 


Earths, rare, activation of, 26. 
alloys of, 206. 
separation of, 462. 
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Echinenone, 304. 

Echinus eactUentus, See Sea uxxjhin. 
Edestin, structure of, 241. 

Electrical conductivity of alloys, 166. 
Element No, 61, 139. 

No. 86, 141. 

No. 87, 141. 

No. 93, 147. 

Elements, isotopic constitution of. 15. 
transmutation of, by bombard¬ 
ment, 19. 

4-covaleut, 160. 

Enargite, structure of, 209. 

Enorc^?’, mountain model of, 92. 
values of, from spectra, 75. 
rotational, of polyatomic molecules, 
56. 

Entropy of mixed isotopes, 80. 

of monatomic gases, equation for, 

66 . 

Epicinchonine, 338. 

Equilibrium constants of reactions, 

86 . 

Ergine, 346. 

Ergobasine, 349. 

Ergoclavine, 350. 

Ergometrine, 349. 

Ergometrinine, 350. 

Ergostetrine, 349. 

Ergot alkaloids, 345. 

Ergotamine, 345. 

Ergotaminine, 345. 

Ergotinine, 346. 

0-Ergotinine, 346, 350. 

Ergotocme, 349. 

Ergotoxine, 345. 

Erythritoldipynivic acid, rotation 
and structure of, J22. 
dZ-Eserethole, synthesis of, 343, 344, 
423. 

Eserine, 343, 423. 

I-Eserine, synthesis of, 344. 

Ethane, hexachloro-^ structure of, 226. 

s-diiodo-, structure of, 227. 
Bthoxyphaeoporph^in a^, 389. 

Ethyl azide, explosion of, 101. 
chlorophyllide, 364. 
10-ethoxyphjBOphorbide, 388. 
Ethylene, vibration-rotation spec¬ 
trum of, 61. 

adsorption of, on manganese chro¬ 
mite, 111. 

hydrogenation of, on nickel, 118. 
reduction of, by deuterium and by 
hydrogen, 118. 

and its homologues, as growth 
substances, 430. 

dichloride, polymeride from sodium 
totrasulphide and, 270. 
diiodide, reaction of, with iodine, 
103. 

Ethylhydrocupreine, hydroxy-, 
therapeutic properties of, 423. 


4 : O-Ethylidene a-d-glucopyranose, 
280. 

lO-Ethylphenoxarsine - 2 - carboxylic 
acid, resolution of, 249. 
Eucolloids, 260. 

Exeelsin, structure of, 241. 
Extraction apparatus, Soxhlet, modi¬ 
fied, 479. 


Fats, conversion of, into carbo¬ 
hydrates, 417. 

Felspars, structure of, 216. 

Femeyanides, determination of, 467. 

Ferrocyanides, determination of, 
467. 

Fibres, formation of, from poly- 
merides, 268. 

Fibroin, structure of, 238. 

Films, surface potential of, 106. 

Flavins, synthesis of, 358. 

Flavoglaucin, 447. 

Flavoxanthin, 300. 

Flax plants, nutrition of, 439. 

FloridecSy floridoside in, 449. 

Floridoside, 449. 

Fluorescein, dtohloro-, as indicator, 
455. 

Fluorides, determination of, in water, 
483. 

Formaldehyde, electronic spectrum 
of, 63. 

vibration-rotation spectrum of, 
61. 

polymerisation of, 102. 
conversion of, to polyoxymethylene, 
265. 

resins from urea and, 269. 
detection of, 478. 

Frost, resistance of plants to, 432. 

tt- and /3-Fructohep tonic acids, 
structure of, 273. 

5-Fructono8o, 274. 

d-Fructopyranose, diacetono deriv¬ 
ative, 277. 

Fructose, conversion of, into anhydro- 
psicose, 283. 
determination of, 476. 

d-Fructoae, conversion of, into d- 
sorbose, 283. 

Fucosterol, 450. 

Fucoxanthin, 297, 302, 450. 

Fucus vesiculostLs, constituents of, 450. 

Fulvio acid, 447. 

Furan, detection of, 478. 

Furfuraldehyde, condensation of, 
with sugars, 280. 

Fusarium, mtrogen nutrition of, 443. 


OadidoBy glycogen from livers of, 288. 
d-Qalactopyranose, diaoetone deriv¬ 
ative, 277. 
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Gallium, structure of, 205. 

from Northumbrian coal, 106. 
Gallium alloys with aluminium, 178. 
with copper, 174. 

Gases, flue, of power stations, re¬ 
moval of sulphur from, 160. 
Gelatin, amino-acids in, 418. 
Germanium from Northumbrian coal, 
165. 

detection of, 469, 473. 

Glass, structure of types of, 215. 
Gluconic acid, formation of, by 
moulds, 445. 

Glucosazone, structure and methyl- 
ation of, 276: 

Glucose, mutarotation of, 104, 105. 
action of barium h 5 pobromite on, 
277. 

condensation of benzaldehyde with, 
279. 

action of bromine on, 277. 
benzoates, 272. 
diacetone, 275. 
determination of, 476. 

Glutathione, constitution and syn¬ 
thesis of, 419. 

Glyco^n from fish livers, 288. 
Glycy%lycines, structure of, 238. 
Glyoxal, decomposition of, 102. 
Goethite, structure of, 213. 

Gold, solubility of, in mercury, 177. 

detection of, 474. 

Gold alloys with calcium, 172. 
with copper, 171, 173, 184. 
with manganese, 201. 
with mercury and tin, 167. 
with tin, 179. 

Goldfish, astacene in, 300. 

Graminin, structure of, 289. 

Graphite, sti ucture of, 206. 

Growth substances, 425. 

Guanidinium halides, structui’e of, 
228. 


Haemin, oxidation of, 369. 
Hfiemopyrrole, 370. 

Hafnium, nuclear moments of, 16. 
Halides, structure of, 209. 

Halogens, determination of, 466. 
Hamamelose, structure of, 274. 
Hauyn, structure of, 216. 

^Heat of adsorption, 113. 
Hemicolloids, 260. 

Heptane, structure of, 242. 
apiVoHeptane, diamino-, rotation and 
structure of, 126, 

Heteroauxin, 426. 

initiation of roots by, 427. 
Heterocyclic compotmds, 330. 
Heteropoly-acids, structure of, 220. 
Heualer’s alloys, ferromagnetic, struc¬ 
ture of, 202. 


I Hexadeuterobenzene, 47. 

Hexamethylenetetramine, structure 
of, 227, 331. 

as analytical reagent, 462. 

Hexamethylothane, structure of, 226. 

cycZoHexane, structure of, 242, 306. 

ci^-cycZoHexane -1 - acetic - 2 • propion ic 
acid, synthesis of, 308. 

cyctoHexane-l : 2-diacetic acid, 308. 

Hexoic acid, c-amino-, polymeric 
amides from, 267. 

€-Hexolactone, polymeric, 267. 

Holmium, nuclear moments of, 16. 

Homocaronic acid, ci«- and trcms- 
forms, 321. 

d-Homopilopic acid, synthesis of, 332. 

Homosantenic acid, 324. 

Hormones, corpus luteum, 410. 
sex, 408. 
testicular, 408. 

Hydrargillite, structure of, 212. 

Hydrazine, structure of, 136. 

Hydrindanes, 310. 

5-Hydrindanol, 312. 

Hydrindan-4-one, 311. 

cia-6-Hydrindanone, 312. 

)3-Hydrindanone8, reduction of, 309. 

fl-Hydrindanylamines, 311. 

Hydrocalumite, structure of, 213. 

Hydrocarbons, oxidation of, 101. 

Hydrocyanic acid, molecules, inter- 
nuclear distances in, 65. 
detection of, 474. 

Hydrogen, atoms, recombination of, 
99. 

entropy of, 88. 

heat of atisorption of, on copper, 
platinum, and tungsten, 113. 
on zinc oxide, 114. 
adsorption of, on promoted am¬ 
monia catalysts. 111. 
on chromium oxide, 110, 112. 
on zinc oxide, 110. 
zero-point energy of, and its re¬ 
actions, 98. 

reduction of ethylene by, 118. 
reaction of, with bromine, 90. 

with oxygen, 100. 
atomic, partition function for, 71. 
ortho- and para-, transition of, 103. 

Hydrogen peroxide, dipole moment 
and stnacture of, 136. 
solid, structure of, 226. 
decomposition of, in aqueous 
solutions, 105. 

sulphide, formation of, from its 
elements, 100. 

vibration-rotation spectrum of, 
61. 

Hydroxides, structure of, 212. 

Hydroxyl, partition function of. 74. 

Hypophosphite group, structure of, 
218. 
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minium, 139. 

Indioators, 455. 

Indium, detection of, 472. 

Indium alloys with copper, 174. 
with silver, 175. 

Indole-3-aoetic acid, and its deriv¬ 
atives, as growth substances, 429. 
Indole-S-n-propionio acid as growth 
promoter, 429. 

Inorganic analysis, 451. 

Tue^o-Inositol as growth-promoting 
factor, 275. 

Insulin, crystalline, structure of, 240. 
Inulin, hydrolysis of, 288. 

Iodides, structure of, 207. 

detennination of, in water, 484. 
Iodine, reaction of, with methyl 
chloride, 95. 
with potassium, 99. 

Iodine oxides and sulphates, 159. 
Ionic compounds, 209. 

Ions, complex, 217. 

Iridium, isotopes of, 15, 16. 

Iron, solubility of, in mercury, 177. 
detection of, 472. 

metallic, determination of, in pre¬ 
sence of iron salts, 461. 

Iron alloys with aluminium, 203. 
with tin, 180. 
with tungsten, 201. 

Iron carbides, 201. 

oxide, catalytic, activation of, 
by alumina, 119. 

Isoprene, trimeiide of, 257. 

Isotopes, 15, 40. 

entropy of mixtures of, 80. 
radioactive, use of, as indicators, 
52. 

Jeremejewite, structure of, 214. 

Kaolinite, synthesis of, 217. 

Keratin, structure of, 238. 
a-Keto-acids, determination of, 478. 
5-Ketofructose, 274. 

5-Ketogluconic acid, 277. 
2-Ketogulonic acid, preparation of, 
280. 

Kinetics, chemical, 89. 

Kiyptopyrrole, 370. 

Kij^toxanthin, 296. 

Laotoflavin, 354, 404. 

Lamiruiria digUata^ cellulose from, 
449. 

Lanthanum, nuclear moments of, 16. 
Larch, European, polysaccharide 
^m, 291. 

Lattice constants of elements, 200. 
Lead, det^m^tion of, in water, 484. 
determination and separation of, 
468. 


Lead alloys, 180. 
with antimony, 171. 
with thallium, 205. 

Lead diammonium dichloride, struc¬ 
ture of, 188. 

liepidocrocite, structure of, 213. 
Leucoanthocyanidins, 249. 
L<euco€mthocyanins, 249. 

Levosiu, hydrolysis of, 288. 

Lipins, formation of, by moulds, 446. 
Liquids, structure of, 242. 

Lithium alloys, 204. 
with bismuth, 173. 
with cadmium, 172. 
with lead, 180. 
with mercury, 176. 
with silver, 172. 
with thallium, 172. 
with tin, 179. 

Lithium deuteride and hydride, struc¬ 
ture of, 209. 

nitride, structure of, 206. 
sulphide wonohydrate, structure of, 
222 . 

titanate, structure of, 188. 
Lithosphere, elements in, 143. 

Liver, oxidation of fatty acids by 
slices of, 415. 

Lobelanine, 340. 

Lobster, asttujone from, 300. 

Lophius piscatoriiui. See Angler fish. 
Lucerne, hardiness of, 435. 
Liunichrome, 354. 

Lumilactoflavin, synthesis of, 354. 
Lutein, 300. 

Lycopene, structure of, 292. 
Lycorine, 338. 

Lycoris^ alkaloids from, 338. 

Lysergic 6Wjid, 346. 

d-Lysine anhydride dihydrochloride, 
417. 


Magnesium, detection of, 473. 
determination of, 465. 

Magnesium alloys, 175. 

with aluminium, 167, 177, 204. 
with copper, 171, 173. 
with copper and with zinc, 199. 
with lithium, 204. 

Magnesium salts, effect of, on growth 
of moulds, 441. 

Magnesium perchlorate as desiccant,* 
468. 

halide /jcjwihydrates, structure of, 

222 . 

Maize, growth substance from endo- 
8i>erm of, 427. 

Maize plants, iron in, 440. 

effect of zinc on “ white bud in, 
440. 

Maja aquinada. See Spider-crab* 

Malaria, treatment of, 421* 
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Maleic acid, hydrogenation of, in 
presence of platinum, 118. 
methyl e 0 ter,cM~^na-i 8 omeri 8 m of, 
108. 

Maltose, determination of, 476. 
Mandelio acid, therapeutic use of, 
426. 

Mandelic acid, o-nitro-, resolution of, 
246. 

Manganese, effect of, on plant growth, 
439. 

IVIanganese alloys with aluminium, 
178. 

with gold, 201. 

Manganese carbide, 202. 

oxides, structure of, 210, 211. 
silicide, 202. 

Mannocarolose, 290. 

Manuring, effect of, on drought 
resistance, 436. 

Masurium, 142. 

Matlockite, structure of, 210. 

Matrine, 354. 

Mellein, 448. 

Mendel6ef Centenary Lectui'e, 138. 
di-Menthol, resolution of, 321. 
Menthols, 318. 

Menthylamines, 318. 

Mercuric chloride, structure of, 210. 
Mercury, parachor of, 164. 
detection of, 468, 474. 
deteimination of, 468. 

Mercury alloys, 176. 
with lithium, 204. 
with thallium, 205. 
Mesoaetioporphyrin, 398. 

Mesocolloids, 260. 

Meaoporphyrin, 373, 398. 

Metabolism, fat, 414. 

Metals, structure of, 198. 
electron theory of, 181. 
molten, heats of mixture of, 167. 
Metal coatings, phase structure of, 
167. 

Methane molecules, intemuclear dis¬ 
tances in, 65. 

Methane, nitro-, decomposition of, 

102 . 

Methyl alcohol, structure of, 242. 
determination of, 478. 
chloride, reaction of, with iodine, 
95. 

ohlorophyllide, 364. 
halides, electronic spectra of, 63. 
iodide, decomposition of, 102. 
nitrite, decomposition of, 102. 
Methylamine, decomposition of, 102. 
d-Methylarabinoside, structure of, 
23l 

Methylene-blue halides, structure of, 
234. 

Methylene chloride, valency angles in, 

128 . 


Methylene group, heat of combustion 
of, 306. 

6:7-Methyl0nedioxy-lO-methylphen- 
anthridone, 339, 

a-Methylfucoside, structure of, 237. 

a-Mothylgalactoside 6-bromo- 

hydrin, structure of, 237. 

Methyl ketones, detection of, 477. 

7 -Methyl-9-d-1 '-ribityK^oalloxazirie, 
vitamin-£L action of, 367. 

jg-Mothylumbefliforone as indicator, 
456. 

Micro-organisms, polysaccharides 
synthesised by, 290. 

Minerals, porphyrins in, 398. 

Minioluteic acid, 447. 

Molecules, asymmetrical top, 55. 83. 
vibration-rotation spectra of, 61. 
monatomic, partition function for, 
71. 

diatomic, partition function for, 72. 
poZyatomic, classification of, 55, 81. 

partition function for, 80. 
complex, partition function for, 
83. 

linear, 55, 82. 

vibration—rotation spectra of, 60. 
spherical, 56, 82. 
symmetrical top, 55, 82. 

vibration-rotation sx>ectra of, 
60. 

Molybdenite, Australian, rhenium 
from, 165. 

Molybdenum, determination of, 459. 

Monosaccharides, detection of, 478. 

Montmorillonite, synthesis of, 217. 

Moulds, biochemistry of, 441. 
ntirieral nutrition of, 441. 
nitrogen nutrition of, 442. 
production of organic acids by , 
444. 

formation of fats by, 446. 

Mucic acid, epimerisation of, 277. 

Muscle, chemistry of, 411. 

Muscone, structure and synthesis of, 
305. 

Myasthenia gravis, 423. 

Myosin, structure of, 239. 

compounds of, with starch, 287. 

Myotin, 423. 


o-Naphthaflavone as indicator, 456. 
Neph'rops norvegicus. See Prawns. 
Neutrons, mass of, 19. 
disintegration by, 24. 
slow, speed of, 26. 

Nickel, solubility of, in mercury, 177, 
4-oovalent, configuration of, 160. 
determination and separation of, 
463. 

Nickel alloys with zinc, 202. 

Nickel compounds, co-ordination, 220, 
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Nickel carbides, 201. 
carbonyl, decomposition of, 102. 
sulphate Aeptohydrate, structure 
of, 197, 222. 

sulphide, precipitated, composition 
and properties of, 153. 

Nickelodithio -oxalates, 161. 

Nicotine, detection of, 478. 

Nitrates, detection of, 471. 

Nitrazine-yellow as indicator, 456. 

Nitrides, structure of, 205. 

Nitrites, uniraolecular decomposition 
of, 108. 

detection of, in water, 481. 

Nitro-compounds, aromatic, identific¬ 
ation of, 476. 

Nitrogen, structure of a- and i3-forms 
of, 225. 

isotopes of, 51. 
transmutations of, 22. 

Nitrogen monoxide {nitrous oxide)y 
entropy of, 88. 
decomposition of, 100. 
reaction of, with carbon mon¬ 
oxide, 102. 

dioxide {nitric oxide), entropy of, 

88 . 

partition function of, 74. 
tWoxide, 163. 
trioxyfluoride, 165. 

Nitrogen organic compounds, cyclic, 
330. 

o-Nitrophenols, determination of, 478. 

Nitrosyl chloride, decomposition of, 

102 . 

Norcaryophyllenie acid, 325. 

di-Noreserethole, resolution of, 343. 

Norharmans, 342. 

Nortropine, 340. 

Nosean, structure of, 216. 


OcJc, structure of, 238. 

Oats, sodium requirement of, 438. 
oUoOcimene, 322. 
Octadeuteronaphthalene, 48. 
Octalins, 309. 

bicyclo [2:2: 2]-Octane, 316. 
bicyclo[0 ; 3 : 3]-Octanes, 311. 
bicyclo[2 : 2 : 2]-Octanone, 316. 
tfcc.-Octyl iodide, rate of inversion of, 
96. 

jS-Octyl nitrite, rotatory dispersion of, 
123. 

Oil shale, porphyrins from, 398. 
Olefins, polymerisation of, 266. 
Oospora aurantin, pigments from, 448. 
Oosporin, 448. 

Orange trees, chlorophyll-deficient, 
treatment of, with copper salts, 
440. 

Organic analysis, 475. 

Organic chemistry, 243. 


Orphidiaster orphidiantts* See Star¬ 
fish. 

Osazonee, structure of, 276. 

Osmium, detection of, 472. 

Oxalates, anisotropy of, 223. 

Oxalic acid, formation of, by moulds, 
444. 

dihydrate, structure of, 229. 

Oxides, structures of, 210. 

Oxoporphyrins, 383. 

Oxoyobyrine, 341. 

Oxygen, isotopes of, 51. 
valency angle of, in diphenyl ethers, 
130. 

partition function for, 73. 
heat of adsorption of, on platinum, 
113. 

adsorption of, by nickel. 111. 
by platinum, 111. 
by silver, 114. 

reaction of, with hydrogen, 100. 
atomic, partition function for, 72. 
dissolved, determination of, in 
water, 482. 

a-Oxycarotene, 292. 

Ozone, thermal decomposition of, 100. 
action of, on terpenes, 317. 


Palladium, isotopes of, 16. 
parachor of, 164. 

4-covalent, configuration of, 162. 

Palladium compounds, co-ordination, 

220 . 

Palladium oxide, structure of, 210. 

Palladodithio-oxalates, 161. 

Pantothenic acid, 431. 

Paraffin, liquid, structure of, 242. 

a-Particles, disintegration by, 19. 

Partition function, 71. 

approximations for determination 
of, 77. 

Pectins, 289. 

Pogeinine, identity of, with vasicine, 
333. 

^-Pelletierine, 339. 

Peltogyne porphyrocardia, leuco- 
anthocyanidin from heartwood 
of, 249. 

Pelto^nol, 250. 

Fenicillium, formation of gluconic acid 
by, 446. 

Penicilliwm Charhsii, polysaccharide 
from, 290. 
products from, 447. 

PenidUium javanieum, fat production 
of, 446. 

Penicillivm minioduUum, minio- 
lutoic acid from, 447. 

Pentaerythritol tetraphenyl ether, 
structure of, 226. 

emns-o^ck>Penteme-1: 2-diacetio acid, 
resolution of, 312. 
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Pentaxanthin, 304. 

1: 2-oycfePentenophenanthren©, 
structure of, 230. 

Pepper, red, carotenoids from, 301. 

Pepsin, crystalline, structure of, 240. 

Percamphorio acid as indicator for 
double bonds, 318. 

Periodic table, 138. 

Pernitric acid, 166. 

Peroxide ions, structure of, 217. 

Persulphate ions, structure of, 219. 

Petroleum, rdle of plants in formation 
of, 399. 

porphyrins in, 398. 

Pheeanthine, 363. 

Pheeophorbide, 365. 

Phosophorbid© a, reduction of, 375. 
conversion of, into chlorin e, 366. 

Phaeophytin, 366. 

PhfiBoporphyrin Ug, 376. 

Phesopurpurins, 386. 

Phenol, determination of, in water, 
480. 

Phenylacrylic acid as growth pro¬ 
moter, 429. 

Phenyl 8-carboxy-l-naphthyl sulph- 
oxide, resolution of, 249. 

a-Phenylethyl chloride, optically 
active, racemisation of, 245. 

Phenylpropionio acid os growth pro¬ 
moter, 429. 

Phenyl-m- and -p-toluidines as in¬ 
dicators, 465. 

Phosphides, structure of, 208. 

Phosphine. See Phosphorus tri- 
hydride. 

Phosphocreatine, synthesis of, 413. 

Phosphoglyceric acid, dephosphoryl- 
ation of, 411. 

Phosphomolybdic acid as analytical 
reagent, 467. 

Phosphorus, allotropy of, 166. 

uso of radioactive isotope of, in 
metabolism investigations, 63. 
black, crystal structure of, 157. 
black and red, structure of, 226. 
detection of, 473. 

Phosphorus ^rihydride, explosion limit 
for oxidation of, 101. 

Phthalocyanines, 360. 
structure of, 235. 

Phycomyces, synthesis of growth sub¬ 
stances by, 430. 

Phylloaetioporphyrin, 369. 

Phyllobombyoin, 377. 

Phylloerythrin, 376. 
structure of, 377. 
synthesis of, 394. 

Phyllophyllin, 368. 

Phyllopoiphyrin, 368. 
structtire of, 373. 
oxidation of, 369. 
reduction of, 370. 


Phyllopyrrole, 370. 

PhysaUenone, 300. 

Physostigmine. See Eserine. 
Phytochlorin g, 386. 

Phytyl alcohol, 364. 

Pilocarpine, 331. 
dZ-Pilopic acid, 331. 

Pine, tracheids of, 238. 
a-Pinene, pyrolysis of, 322. 
Pinocampheols, 320. 

Pinocamphones, 320. 

Plants, biochemistry of, 426. 

drought and frost resistance in, 
431. 

nutrition of, 436. 
nitrogen nutrition of, 436. 
potassium in nutrition of, 437. 
boron in, 440. 
copper and iron in, 439. 
rubidium in, 438. 

effect of manganese on growth of, 
439. 

effect of zinc on diseases of, 440. 
Plasmooide, 421. 

Plasmoquin, 421. 
Platinodithio-oxalates, 161. 

Platinum, isotopes of, 16, 16. 

4-covalent, configuration of, 162. 
Platinum compounds, co-ordination, 
220 . 

Platinum metals, determination of, 
460. 

separation of, 469. 

Pneumonia, treatment of, 422. 
Poisons, South American arrow, 351. 
Polychloroprones, 257. 

Polydecamethylene oxide, 267. 
Polyesterification, 267. 

Polymerides, high, 257. 
properties of, 259. 
mixed, 261. 

Polymerisation, 250. 
condensation-, 266. 
three-dimensional, 260. 

Polyoxyme thy lene, formation of, 265. 
Polysaccharides, 284. 

Polythionic acids, detection of, 474. 
Porphin (A), 359. 

Porphyrins, 359. 

mineral, 398. 

Positrons, 34. 

Potassium, nuclear moments of, 16. 
radioactivity of, 36. 
reaction of, with iodine, 99. 
detection of, 470. 
determination of, 457, 465. 
Potassium alloys with sodium, 171. 
Potassium dZchromate, standardis¬ 
ation of, 463. 

permanganate, standardisation of, 
453. 

Potential, surface, of films, 106. 
Praseodymium, structure of, 296, 
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Praseodymium alloys with aluminium, 
178. 

with magnesium, 175. 
with silver, 176. 

Prawns, astacene in, 300. 
Premandione, 410. 

Probophorbides, 377. 
a- ana j8-Progesterones, 410, 
Propaldehyde, oxidation of, 102. 
Propane, chlorination of, 102. 

Propyl nitrites, decomposition of, 102. 
Propylamine, decomposition of, 102. 
Prostigmine, 423. 

Proteins, structure of, 238. 
Protoactinium, 143. 

at, wt. of, 16, 146. 

Protons, disintegration by, 21. 
Protoporphyria, 373, 383. 

Pumpkin, giant, xanthophylls from, 
296. 

Pyramidone, detection of, 478. 
Pyrophosphate ions, structure of, 219. 
Pyrroaetiophyllin, 369. 
Pyrrosetioporphyrin, 369. 
structure of, 372. 

Pyrroles, substituted, reduction of, 
331. 

Pyrroline, structure of, 330. 
Pyrroporphyrin, 368. 
structure of, 371. 


Quanta, vibrational, excitation of, 
in relation to activation, 97. 
Quantum theory in relation to 
chemical kinetics, 89. 

Quinine, 421. 

demothylation of, 337. 
woQuinolme derivatives, 336. 


Racemic acid, activation of, 244. 

Radicals, free, in solution, 105. 

Radioactive nuclei from neutron 
bombardment, 24. 

Radioactivity produced by neutrons, 
table showing, 31. 

Radium-JK, /5-ray spectrum from, 34, 

Rays, cosmic, 36. 

/5-Rays, disintegration with emission 
of, 32. 

y-Rays, disinteOTation by, 28. 

X-Rays, crystal analysis by means of, 
193. 

Reactions, atomic, 97. 
ionic, calculation of activation 
ene:^ of, 96. 
organic, 108. 
in solutions, 103. 

Reagents, 466. 

Resins, 269. 
bakelite, 270. 
fomtald^yde-iirea, 269. 


Resins, novolaks, 270. 
thiokol, 270. 

Resorcinol, structure of, 230. 
Rhenium from Australian molyb¬ 
denite, 166. 
determination of, 460. 

Rhodin g, 367. 

Rhodium, detection of, 474. 
Rhodopin, 305. 

Rhodoporphyrin, 368. 

structure of, 372, 
ttfoRhodoporplxyrm, 393. 
Rhodopurpiuin, 305. 

Rhodeviolascin, 306. 

Rhodoxanthin, 300. 

Ricinine, synthesis of, 332. 

Rickets, treatment of, 40(). 

Ring strain, theory of, 306. 

Roaa canina and ritbiginosay xantho- 
phyll from, 297. 

Rotation, optical, physical basis of, 

120 . 

Rubber, vulcanised, structure of, 264. 
Rubidium in plants, 438. 

Rubidium alloys with mercury, 176. 

with sodium, 171. 

Rubixonthin, 297. 

Rubroglaucin, 447. 

Ruthenium, co-ordination compouiuls 
of, 165. 

Rutin, structure of, 273. 

Rutinose, structure of, 273. 

Rye plants, effects of nitrogen and 
potassium on assimilation by, 
438. 


Saffron, crocetin in, 303. 

Salts, hydrated, 221. 

Sandalwood oil, sesquiterpenes from, 
327. 

terpenes from, 323. 

Santalenes, 327. 

Santalols, 327. 

a-Santalylmalonic acid, oxidation of, 
317. 

Santene, 323. 

Santene glycol, synthesis of, 325. 
Santenonic acid, 324. 

Santenic acid, 323. 
oWoSantenic acid, 324. 

Santenol, 323. 

** y-Santenol,*’ 323. 

Santenone, 323. 

Sea anemones, carotenoids from, 304. 
Sea urchins, carotenoids from, 304. 
Sebacio anhydride, poiymeride of, 267. 
Selenium, determination and separa¬ 
tion of, 460. 

Selenium dioxide, oxidation in the 
terpene series by, 318. 
Sensibamina, 360. 

Sesquiterpenes, 326. 
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Silane, explosion limit for oxidation 
of, 101. 

Silicates, structure of, 213. 

Silicon dioxide (siUoa)y stability of 
forms of, 215. 
determination of, 467, 483, 
disulphide, structure of, 209. 

Silver, nuclear moments of, 16. 
detection of, 473. 
determination of, 457. 
in water, 485. 

Silver alloys, 174. 

with aluminium, 167, 
with lithium, 172. 
with mercury, 176. ‘ 

Silver cyanide, structure of, 188. 
iodides, structure of, 188, 207. 
mercury iodide, structure of, 
188. 

nitrate, urea compound, 223. 

Sisal, structure of, 238. 

Sodium, ortho-salts of, 158. 
determination of, 466. 

Sodium alloys with caesium, 172. 
with potassium, 171. 
with rubidium, 171. 

Sodivun carbonate for analytical 
purposes, 452. 

hydrogen carbonate, structure of, 
218, 

sulphate decadeuterate, transition 
point of, 47. 

t€^ra8ulphide, polymerido from 
ethylene dichloride and, 270. 
thiosulphate, standardisation of, 
454. 

Sophora flaveacens, alkaloid from, 
354. 

d-Sorbose, conversion of d-fructose 
into, 283. 

Z-Sorburonio acid, 277. 

Spectra, determination of thermo¬ 
dynamic constants from, 66. 
atomic, 53. 
electronic, 62. 

extreme ultra-violet, Lyman con¬ 
tinuum in, 63. 
molecular, diatomic, 53. 
poZyatomio, 53. 
rotation, 56. 
vibration-rotation, 66. 

Spectroscopy, 53. 

Spider-crab, astacene from, 300. 

“ Spot tests, 471. 

Stannite, structure of, 209. 

Star-fish, astacene in, 300. 

Starch, struciure of, 237, 285. 
oak and walnut, 291. 

Starch dextrine, 286. 

Steel, structure of, 201. 

Stereochemistry, 243. 

Sterio factor, 106. 

Stilbene, cia-^ana-isomerism of, 108. 
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Stilbene, 2:4; 6-^nnitro-, action of 
bromine on, 244. 

Strontium alloys with silver, 174. 
with tin, 179. 

Styrene, polymerisation of mixtures 
of p-divinylbenzene and, 261. 

Sucrose, determination of, 478. 

iaoSucrose, structure of, 273. 

Sugar, cane-, inversion of, 105. 

Sugars, structure of, 236. 

condensation of, with carbonyl 
compounds, 277. 

Sulcataxanthin, 304. 

Sulphantimonatea, structui’e of, 208. 

Sulphates, determination of, 467. 
in water, 482. 

Sulphides, structure of, 208. 

Sulphohalite, structure of, 218. 

Sulphur, structuie of, 148. 

valency angle of, in diphenyl 
sulphides, 130. 

recovery of, from waste gases, 149. 
plastic and rhombic, structure of, 
225. 

Sulphur monochloride, structure of, 
152. 

?nonoxide, preparation of, 150. 
fe^roxido, 161. 

Surface chemistry, 109. 

Swedenborgite, structure o£, 218. 


d- and Z-Talomucic acids, 277. 

d-Talose, condensation of, with 
acetone, 278. 

Taraxanthin, 300. 

Telluric acid, structure of, 213, 

Tellurium, effect of, on properties of 
lead, 180. 

determination of, 460. 

Teloidine, 339. 

Teresantalic acid, 327. 

Terpenes, 316. 

Terrein, 448. 

Testosterone, 409. 

2:3:4: 5-Tetra-acotyl aldehydo- 
d-galactose, 6-iodo-, action of 
acetic anhydride and zinc 
chloride on, 276. 

Tetra-acetyl p-arabinose, rotation of, 
123. 

Tetradehydroyohimbine, alkali scis¬ 
sion of, 342. 

6:7:9: lO-Tetradoutorostearic acid, 
48. 

Tetradymite, structure of, 209. 

Tetrahydrodici/c^ohexadiene, 316. 

Tetrahydro-a-dicj/cZopentadiene, 314. 

Tetrahydroyobyrine, structure of, 
340. 

n- and tso-Tetrandrines, 363. 

ooyy-Tetraphenylallene, valency 
angles in, 134. 
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Tetraphenylmethane, structure of, 
226. 

Thallium, determination of, 456, 467. 

Thallium alloys, 205. 
with bismuth, 167. 
with lithium, 172. 
with magnesium, 175. 
with raercuiy, 176. 

Thermodynamic constants from 
spectra, 66. 
data, 84. 

Thianthren, dipole moment of, 131. 

Thiochrome, 402. 

Thiocyanates, valency angle of sul¬ 
phur in, 131. 

Thiocystid vioktcea, pigment from, 
397. 

** Thionalide” as Einalytical reagent, 
456. 

Thiophen, detection of, 478, 

Tliiosulphurous acid, structure of, 
152. 

Thorium, at. wt. of, 146. 
determination of, 460, 462. 

Thorium-C, fl-ray disintegration of, 
33. 

Tiger lilv, xanthophyll from anthers 
of, 304. 

Tin, detection of, 472. 

Tin alloys, 179. 
with arsenic, 205. 
with copper, 171, 174. 
with gold and mercury, 167. 
with magnesium, 176. 

Titanium, detection of, 472. 

Titanium alloys with aluminium, 
178. 

Tomato plants, potassium in nutri¬ 
tion of, 438. 

Transmutation, nuclear, 19. 

Trideuteracetic deuteracid, 48, 

Triethanolamine, nitrogen valency 
angle in, 134. 

Triethylene sorbitol, 280. 

Trimethylplatinum chloride, struc¬ 
ture of, 220. 

1:3: 6-Triphenylbenz0ne, structure 
of, 230. 

Triphenylchlorometliane, valency 
angles in, 134. 

Triphenylmethane, valency angles in, 
134, 

Trithionato ions, structure of, 219. 

Tritium, 50. 

Tropan derivatives, 339. 

Tropinone, 339, 

Tubocurarine, 351. | 

Tung trees, effect of zinc on “ bronz¬ 
ing ” in, 440. 

Tungsten, separation of, 462. 

Tungsten alloys with iron, 201. 

Tungsten bronzes, structure of, 188, 

211 . 


Uranium, isotopes of, 15. 

Uranium minerals, separation of 
protoactinium from, 144. 

Urea, structure of, 227. 

production of, from peptone by 
moulds, 444. 
rate of formation of, 104. 
resins from formaldehyde and, 269. 
determination of, in water, 481. 

Urinary tract, treatment of infections 
of, 425. 


Vacciniin, constitution of, 272. 

Valency angles, calculation of, from 
dipole moments, 126. 

Vanadium compounds with por¬ 
phyrins, 398. 

Vanadium, determination of, 461. 
determination and separation of, 
462. 

Vanadous ammonium sulphate as 
analytical reagent, 461. 

Vapour pressure of amalgams, 177. 

Vasicine, identity of, with peganino, 
333. 

Vibrators, coupled, theory of, 120. 
linear, 121. 

Victoria-blue-BX, 455. 

Violaerythrin, 304. 

Violaxanthin, 300. 

Vitamin-Bi, 401. 

Vitamin-J5j, 403. 

Vitamin-(7, 404. 

Vitamin-D, 405. 

Vitamin-JB', 407. 

Volumetric analysis, standards for, 
452. 


Walden inversion in sugars, 280. 

Water, structure of, 242. 

vibration-rotation spectrum of, 61. 
entropy of, 88. 
odour and taste of, 479. 
organic matter in, 481. 
biological oxygen demand of, 482. 
analysis of, 479. 
detection in, of nitrites, 481. 
determination in, of chlorine, 480. 
of cyanides, 483. 
of fluorides, 483. 
of iodides, 484. 
of lead, 484. 
of oxygen, 482. 
of phenol, 480. 
of silver, 485. 
of sulphates, 482. 
of urea, 481. 
of zinc, 484. 

Weighing, 461. 

Weights, storage of, 451. 

Whale oil, astacene in, 300. 
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Wheat plants, potassium in nutrition 
of, 438. 

spring and winter, respiration of, 
433. 

Witzschia doste^rium, replacement of 
potassium by rubidium in, 439. 

Xanthophylls, 296. 

Xylan, structure of, 288. 

Yeast, growth substance of, 431. 

polysaccharides of, 291. 

Y'ohimbine, 340. 

Zeaxanthin, 297. 


Zeolites, structure of, 216. 

Zinc, isotopes of, 16. 
effect of, on growth of AspergiUtut 
nigeTy 442. 

on diseased plants, 440. 
catalytic, structure of, 116. 
determination of, 464. 
in water, 484. 

Zinc alloys with aluminium, 204. 
with copper, 171, 173. 
with lithium, 204. 
with magnesium, 199. 
with nickel, 202. 

Zinc chromite, adsorption by, 114. 
oxide, structure of, 210. 

Zirconiiun, determination of, 460, 462. 
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